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What would happen if farmers were to abandon scien\;e. 
or even to use it with greatly decreased efficiency? T}:tey 
would have to continue plowing, sowing, and reaping. But 
they would use poor machinery, poor technique, and poor 
seed. They would allow pests and diseases to ravage th~ir 
crops and would harvest inefficiently what remained. By 
so doing they would certainly reduce the output. But they 
would do so at a cost ruinous to themselves. They wo~ld 
increase their unit costs of production out of all proportion 
to any conceivable gain in price.-Henry A. Wallace, Secre-
tary of Agriculture. 
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Work of the Agricultural 
Experiment Station 
Progress of the Agricultural Experiment Station During the 
Year Ending June 30, 1933 
F. B. MUMFORD, Director 
S. B. SnrRKY, Assistant to the Director 
The need of agricultural research is greater tlian in any past 
period· of our agricultural history. The need for exact k:JOwledge 
<Jf soils, plants and animals is impelling. Economic changes ap-
proaching revolutionary proportions now occurring may be con-
fusing but if this State and this Nation are to formub te a long-
time economic program for agriculture it will be ha·sed upon the 
work of the Agricultural Experiment Station. Any permanent 
plan for improvement must be based on the facts. The Agri-
cultural Experiment Station is the only agency in Missouri spe-
·Cifi.cally charged with the responsibility of establishing the bets. 
In accomplishing this purpose vve must depend upon investi~;·ators 
in physical a:nd biological science and in the social s~icnces. 
The Missouri Experiment Station is now profiting from well 
·organized, long continued, fundamental research. There is evi-
dence of greater economy in time and energy and a high degree 
·of efficiency in the methods employed in the solution of the farmer's 
problems. Some of the impo; tant bulletins now being published 
really represent years of painstaking effort on the part of the 
investigators. 
The practices and methods recommended to fanner:; an' based 
upon the most careful investigation. Recommencb.tic>ns are not 
based upon opinion, or even ]udgment. hut upon real experif~nce 
acquired through carefully planned and accurcttely conducted ex-
-perimentation. 
The training, experience, and kno,vlt-d~·e of our investigators 
have been utilized by the Federal Government in its many projects 
for improved agriculture. The results of our soil surveys and soil 
studies and classification of soils have been made the basis fo·r the 
policies of land purchases in Missouri by the Federal government. 
It has been the researches of the Agricultural Experiment Station 
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that h:we made possible the classification of soils into those of 
agricultural and· those of n on-agricultural value, considerab le areas 
of which have already heen acquired by the Federal government 
for national forests. 
A large number of our ·workers ha:ve been loaned to the 
Federal government in connection ·with the Farm Credit Admin-
istration, the Agricultural AO.j11stment Administration, the Land 
Utilization programs, and erosion control enterprises of the 
Federal Government. The director of the Experiment Station has 
been servin~ since .T anuary, 1933, as a member of the M issouri 
Relief and Reconstrnction Commission. 
At n') time in its history has the Missouri Experiment Station 
been in a better p osition than at present to fully utilize the methods 
of scientific research for solving farm problems. 
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Experin1ents in Progress During the Yeae 
Ending June 30, 1933 
ANIMAL HUSBANDRY 
E. A. TROWBRIDGE, Chairman 
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Protein Supplements for Yearling Steers Full Fed on Blue-
grass Pasture (E. A. Trowbridge, H. C. Moffet) .-Six lots of 
cattle were fed 168 clays on rations as follows: 
First 56 days Last 112 days 
Lot I Corn 8, cottonseed cake 1 Com 8, cottonseed cake 
Lot II Corn 12, cottomeed cake 1 Corn 12, cottonseed cake 
Lot III Corn 6, mixed supplement 1 Corn 6, mixed supplement 
Lot IV Corn alone Corn 8, cottonseed cake 1 
Lot V Corn alone Corn 12, cottonseed cake 1 
Lot VI Corn alone Corn 6, mixed supplement 
The gains on these cattle varied from i34G pounds to 389 
pounds, being somewhat greater during the early and la:te seasons 
than dnring the hotter weather of midsummer. A ration oi 
shelled corn with good bluegrass pasture in May and June pro-
duced fully as rapid and cconl)mical gain~; as a similar ration with 
the protein supplement. (Previous experiments had shown that 
lots fed a protein supplement were more satisfactory). A ration 
of 12 parts corn and 1 part cottonseed cake produced more rapid 
<mel economical gains than a ration of 8 parts corn and 1 part 
rottonseed cake. Cattle feel a ration of 12 paTts corn, 1 part 
cottonseed cake and bluegrass pasture made slightly less rapid 
but more economical gains than cattle fed the corn and bluegrass 
with a: supplement consisting of 30% ground alfalfa, 30% molasses, 
and 20o/o each of cottonseed cake and reground: oat hulls. Cattle 
fed a mixed snpplement with shelled corn for the entire period 
made fully as rapid gains as the best of the other lots but required 
somewhat more feed per pound gain tha.n the cattle fed corn 12, 
cottonseed' cake 1 for the entire period or than the cattle fed a 
'supplement during the last 112 days of cottonseed 12 to 1 or the 
mixed supplement. Both lots fed on the mixed supplement tended 
to clean up the1r feed , better than the lots fed cottonseed cake. 
The finish of the cattle as shown in the estimated selling prices 
was the same in the lots getting corn and mixed supplement for 
the entire period, and corn and cotto'n,seed either 12 to 1 ofl 8 to 
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1 during the last 112 days, while the other lots showed some-
what less finish. The ca·rcasses in all Jots graded "high good". 
Processing Roughages for Wintering Stock Calves (E. A. 
Trowbridge, H. C. Moffett) .-Grinding or cutting corn fodder did 
not increase its efficiency when fed liberally with alfalfa or soy-
bean hay to "\vell bred stock calves through a winter period of four 
months. When corn was fed as silage with alfalfa ha:y and in 
such quantities as the cattle wc,nld eat, their gains were no greater 
than when dry fodder of the best quality was fed. The per acre 
yield of beef from an acre of corn fed a:s silage was higher than 
that from an acre fed as dry fodder. partially on account of less 
waste in silage feeding. 
Feeding Native Beef Calves (E. A. Trowbridge, H. C. Moffett, 
Marion Hazen).·-When well bred beef calves have mothers' milk 
supplemented with a libera1 grain ration after they are approxi-
mately three months olcl and 1-veigh 200-300 pounds, they develop 
into highly desirable market cattle at eight to ten months of age. 
Feeding ground corn instead of shelled did not increase the rate 
of gain on choice spring calves during the nursing period when 
the ration consisted of corn 8 parts, cottonseed me.all part. How-
ever, when the ration consisted of corn 8 pa:rts, cottonseed meal 
1 part, and 1 part of a mixture of 30 <;"0 m olasses, 30% ground 
alfalfa, and 20% each of cottonseed mea:! and reground oat hulls, 
ground corn produced slightly gre::tter gains than shelled corn. 
This result does not agree 1:vith two other simila:r trials. 
Calves which had been grain fed while nursing were continued 
on feed for 168 days after weaning. Legume hay and silage fur-
nished the roughage. Shelled corn during this period was just 
as efficient as ground corn. The addition of a mixture of 30% 
ground alfalfa·. 30~{, molasses, and 20% each of cottonseed meal 
and reground oat hulls as a supplement to a ration of corn 8 parts, 
cottonseed meal 1 part, caused a slight increase in grain con-
sumption and gain. When this same ra:tion was continued for 
168 days after weaning, more grain per day was consumed and a 
resultant .1 pound gain more per day produced. Fall calves fed 
ground corn 8 parts and cottonseed mea:! 1 part made slightly fess 
gain and consumed slightly more grain than calves fed shelled 
corn. The amount of alfalf.a hay consumed was about the same 
and the calves were valued a:t the same price at the clo·se of the 
period. The grinding of the corn wa~ not warranted. 
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The molasses-alfalfa mixture fed to fall calves did not in-
crease the daily gain, although there was a slight increa:se in the 
amount of feed consumed daily. Self-fed calves consumed one-
half pound· per head more grain daily and gained only .06 pound 
per head daily. The cattle self-fed ·were va·lued 25 cents per 
hundred weight higher becanse they appeared slightly fatter. The 
self-feel cattle therefore produced more profit per head. 
Best Rations for Brood Sows (A. G. Hogan, S. R. Johnson).-
The best rations for brood sows are those which maintain the 
weight of the sovv during the lactation period and produce the 
hea:viest and most thrifty pigs at weaning time. Several years 
of experimentation have demonstrated that a ration of corn, 
tanka:ge, linseed oil meal, alfalfa meal, and on some occasions, 
cod liver oil, and a mineral mixture, may be improved by including 
wheat bran, or wheat shorts. Wheat and wheat by-products ap-
parently ha:ve impo-rtant nutritional properties not possessed by 
corn. The same nutritional properties also were present in green 
forage. 
Rations for Weanling Pigs (L. A. Weaver·l.-In general 
tankage has been theprotein supplement which produced the most 
TABLE I.-RATIONS FED WEANLING PIGS 
Lot No. Supplement Proportion 
Tankage 3 parts 
A Linseed oil meal 1 part 
Alfalfa meal 1 part 
II Supplement A 3 parts 
B Dried Skimmilk 1 part 
III Supplement A 3 parts 
c Fish meal 1 part 
IV Supplement A 3 parts 
D Liver meal 1 part 
v Supplement A 3 parts 
E Dried skimmilk 1 part 
Fish meal 
VI Supplement A 3 parts 
F Dried skimmilk . 1 1 part 
Liver meal 1 
VII Supplement A 3 parts 
G Fish meal 1 part 
Liver meal 
VIII Supplement A 3 parts 
Drted skimmilk 
H Fish meal 1 part 
Liver meal 
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economical gains on swine when fed in connection with pasture 
or legume hay. However, there was some indication tha:t this 
ration was not entirely satisfactory for weanling pigs. Eighty 
weanling pigs were divided into eight lots, ten pigs each. The 
1:ations fed are shown in Table 1. 
All lots gained at a satisfactory ra:te and made very econom-
ical gains, the amount varying from 286 to 314 pounds of feed 
per 100 pounds of gain. In most cases the addition of either 
dried skimmilk, :fish meal, or liver meal, or combinations of two 
of these feeds to the standard supplement of tanka:ge, linseed oil 
meal, and alfalfa meal improved the ration. Apparently there 
was a short period immediately follo\ving weaning time when 
even as good a protein supplement as 3 parts tankage, 1 part 
linseed oil meal) and 1 part alfalfa meal does not adequately 
meet the nutritive requirements of young pigs. 
Rations for Pregnant Sows (L. A. Weaver).-Farm grown 
grains alone do not meet adequately the requirements of winter 
rations for pregnant sows. Such rations are known to be rela-
tively low in minerals, protein, and perhaps vitamines. Thirty-
two gilts were divided into fonr lots of eight gilts each and put on 
feed at the beginning of the breeding season and contin~ed on the 
rations indicated in Ta:ble 2 until farrowed. All lots were self-fed 
a mineral mixture composed of equal parts of precipitated calcium 
carbonate, bone meal, and salt. Each sow was fed one-half pound 
of alfalfa,. meal a day. 
TABLE 2.-RATIONS FED PREGNANT Sows 
Lot No. Ration Proportion Period 
-----
I Shelled corp 2 15 parts Entire gestation period 
Whole oats 1 
Tankage 1 part 
Shelled corn 2 First half of gestation period 
Whole oats 1 
II 
Shelled corn 2 12 parts Last half of gestation period 
Whole oats 1 
Tankage 1 part 
Shelled corn 2 First }{ of gestation period 
Whole oats 1 
III 
Shelled corn 2 
Whole oats 1 9 parts 
Tankage 1 part Last ;1 of gestation period 
IV Shelled corn 2 Entire gestation period 
Whole oats 1 
~) 
All lots were fed s uiii ienl amounts of feed to produce th e 
~.a rne amounts of ga in luring the period of ges tation . T he re were 
no s ign ifi cant diJTerences in the amounts o( fe ed rec1uired by th e 
va rious lots, or in number, we ig ht, or s trength of p igs al birth 
which cc nilcl 1 e all ribuled to th e rations £eel. 
Feeding Swine on Concrete (L. ;\. Weav ·r).-ln th e manage-
m ent of the s wine he rd it was no ted that pi gs farrow cJI and• fed 
to wean in g lim e o n cun rete fl oo rs we ig hed mo re than those rai sed 
<tnd fed on the g round . In u rcl r to sec ure a mor definite co m-
parison two Jut s o ( 20 pigs each were selec t ·cl from th e fall pigs. 
(Jne lot was fed on conc re te and th e other o n the g ro und . Both 
lo ts ·w rc g· ive n th e sam rati on. 'l'h hogs fed n con r le ga in ed 
a l a n appreciabl y fa s ter rate. l ,ess co rn and less suppl m nl werC' 
re:quirrd hy th em fo r •ac h 100 po nn<i s ga in produ ced . In ;ttt 
c n·ort to d ·termine th reaso ns for thi s th e ex te nt o f w o rm infes-
tation wa <> s t11di ecl in coo pTation w ith th<' Dcpartm 11i o f Veter-
ina ry Sc i n ee 1 y killing 10 r ep r s nlali ve hogs in ea h lo t. Whilv 
the numb r o f wo r 111 s fo und in th e hogs fed o n dirt was s li g·htl 1 
large r than th av rag number found in th e hogs feel 0 11 th l' 
co ncr te nc,ors , tlwr wa s no co ns is t nt r b. li on 1 elween ra lc s of 
g-;1in and th e n11mhcr o f worms infes ting incli vidtta ls. 
Growth in Draft Colts (R .\ . 'l'roll'i> rid g-e. n . Vv. Chittend e n. 
Samuel l3rody ).- S ix J>e rchero n co ils of s imilar b reed ing, foa l c1 
in th C' s prin g o f 1 !l 2~J. wc r divid ed into l\l'!l g roups. Th ose it! 
Fig. I.- Liberally grain-fed group. Photo taken December 30, 1932. 
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Fig. 2.-Limited grain -fed gro up . Photo taken December 30, 1932. 
one g roup re eived a libera l allowanc of g rain a nd .;111 th ha) 
they wo uld ea t . Th ose in th e o ther g-ro up rece ived ,half 1.he 
amount of g rain fed th e fir st g roup and al l th hay th y wou ld 
ea t. 01 1 February 28, 19:12, the coils were brok n for fa rm work 
:md us d unti l ] ecember 31, 1 D:~2. Th wi nte r p ri od began 
Decen il Je r 31, ] 9:32, and c nlinu ed until Jun e 3, 1933. Duri ng th e 
fir st p rind th e lim ited g rain fed g ronp ga in c1 144 pound s, whil e 
the li berally g rain fed group gained ] 51 p ound s. Duri ng th e 
~eco ncl period the limit d g rain fed g roup lost 87.67 pound s while 
the libera ll y g rain fed g roup lost 78.33 pound s. Apparent ly a 
limited amotmt of grain is sati sfa t ory t o maintain growth of 
d raft coils, when hay and pasturage is suppli ed ad li bitum . 
Observations on Ewes at the Time of Parturition (F. F. 
McKenzie, R. Bogart).- -Three breeds wer studi d ; Southdowns, 
Shropshires, and Hampshires. Bod y temp ratures were tak n at 
regul ar intervals, beginn in g two days before lambing and con-
tinuing until seven clays after. Th e average t emperature f r the 
'~7 ewes studied was 103 cl egr cs Fahrenheit. The v ulva nlargecl 
considerabl y before lambing . Thi s swellin g lasted for about three 
days aft r lambi ng . Bleeding o curred from thre to five days 
after l::lmbing . There w as a fi lling of the udder .a nd teats with 
ihticl one to two days bef re lambing. The udd er r mained hard 
an d fu ll for al out t h1·ee days, aft r which a gradual m ellowing 
occurred. , n hour :lllcl a ha lf to t wo h urs lapsed between th e 
fir st labo r 1 a in . and 1 irth. In th 47 ases observed 26 cord s 
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lJroke at birth, 21 broke within five minutes after the lamb wa:s 
dropped. The first standing and fir:st suckling of all lambs varied 
from 35 to 90 minutes after birth. The time interval from the 
birth of last lamb till afterbirth was freed was approximately 2,0 
hours. The weights of the afterbirths ranged from 1.1 pounds in 
the case of Southdowns to 1.5 pounds in the case of Hampshires. 
Lambs that showed sub-average gains in weight or died early 
~-arne from afterbirths that were abnormal. Such afterbirth5 had 
a smaH number of cotyledons, a mass of bloody tissue, inflamed 
areas, blanched areas, or creamy exudate. Healthy afterbirths had 
a variable number of cotyledons and the size of the cotyledons 
varied. Some cotyledons were speckled and some were very dark 
red. The pla:cent.ae from the same ewe in successive seasons 
showed variation in number and size of cotyledons. Figures 3 
;mel 4 illustrate normal and abnormal afterbirths. 
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Fig. 3.-A normal afterbirth from a Hampshire ewe . that produced twin 
lambs. The lambs weighed 10.25 and 8.5 pounds at birth. Daily gains 
first week .53 and .64 pounds. Weekly gains to age 21 weeks 3.1 ap.d 3.5 
pounds, respectively. (CH-Umbilical cord.) 
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Fig. 4.-An abnormal afterbirth from a Shropshire ewe that produced 
one ewe lamb. The lamb weighed 8.75 pounds at birth, was sickly, and was 
killed. (A-Pale cotyledon. B-Fibrinous area. C-Cotyledons represe.l}t-
ed thus have cre:amy exudate on them. CH- Umbilical cord. XX-~ipe 
dividing reddened area D from blanched area F.) 
Histological Changes in the Genital Tract of the Ewe During 
the Estrual Cycle. (F. F. :McKenzie, Clair E. Terrill) .-Obser-
vations on the mucus in the cervix and a:nterior vagina when the 
animals were slaughtered have shown some secretory activity at 
all stages but gre<tter activity between 12 and 14 days after estrus 
began. Cyclic changes were noted in the epithelial cells of the 
mid-region of the uterine tube, a:lso in the mucosa of the fimbriated 
end of the fallopian tube. These changes have been recorded. 
The Cytology of the Corpora Lutea of the Ewe (Mary J. 
Guthrie, V. Warbritton).--The lutein cells underwent changes in 
size, nuclear structure, and cytoplasmic inclusions which were 
correlated with the period in the estrual cycle. They disappeared 
during retrogression of the corpus luteum. In diameter the lutein 
cells increased from 10 micr<11 to as much as 45 micra . and then 
shrank or disappeared entirely. The nuclei o.f the lutein cells, 
·when the corpus luteum was formed, were 5 or 6 micra in diameter 
and were chromatic. They became more vesicular and increased 
BuLLETIN 340 13 
to from 8 to 11 micra in diameter. During retrogression they were 
smaller and fuchsinophilic. The cytoplasmic cycle involved a~ 
rapid change from cells with granular chondriosomes and a few 
fat drops to cells with many fat drops and vesicular chondriosomes, 
and finally to cells free from fat drops but containing numerous 
large chondriosomes. This condition lasted during the period of 
maturity. During retrogression fine fat drops appeared, increased 
in size, and then disappeared as the cells decreased in s1ze. 
Ovulation and Tubal Ova in the Ewe (F. F. McKenzie, Edgar 
Allen).--The experimental work has been completed and the manu-
script is in the course of preparation. 
The Embryology of the Sheep (F. H. Woocls).--A description 
of the degree of development of the alimentary canal andi its de-
rivatives in a 20-millimeter embryo has been completed. A study 
of the development of the central nervous system in the same 
embryo also has been completed. Wax models of the stomata-
pharyngeal region and of the brain have been constructed. The 
embryos now on hand constitute a relatively good series of de-
velopmental stages. 
The Cytology of the Pituitary (F. F. McKenzie, Laura J. 
Nahm).-Differences in the pituitaries from non-pregnant ewes 
were noted in the staining reaction and the number of mitochon-
dria in pro-oestrum. In the pregnant series, variations in the 
amounts and kinds of inclusions in the pituitaries were found in 
the very early or very late stages .as contrasted: to those in mid-
pregnancy. 1'he va·riation may indicate the secretion of a large 
amount of material at the post-partum stage. The material studied 
came from 12 n'on-pregnant and 21 pregnant ewes. 
The Cytology of the Adrenal (F. F . McKenzie, Laura J. 
Nahm) .-Changes were found in the fat and mitochondrial content 
of cortical cells during the estrual cycle. There were some in-
dications of similar changes in the medulla. In the zona glomer-
ulosa these changes involved a variation in the number and size 
of the fat spheres. The changes in the fat content seen1'ed to be 
continuous throughout the cycle showing an increase in proestrus 
and early estrus and reaching a height in early metestrus. This 
was followed by a decrease throtlghout dioestrum. Changes in 
the fat content of the cells of the zona fasiculata and reticularis 
closely paralleled those of the zona glomerulosa. The material 
covered came from nine non-pregnant ewes. 
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Physiology ofthe Scrotum (F. F. McKenzie, R. W. Phillips).-
A difference of several degrees exists between the temperature of 
the body cavity and that of the scrotum. By insulation it is pos-
sible to raise the temperature of the scrotum two degrees Centi-
grade! or more. In three rams so insulated the sperm supply be-
came completely exha:usted in from 22 to 25. days. At the end of 
one week of insula:tion many of the spermatozoa present were 
abnormal, the tailless variety being especially plentiful. Insulation 
for periods longer than one month resulted in a decrease in the 
size of the testes. Application of cool temperatures to the testes 
for a short time resulted in some degeneration of the germinal 
epithelium. The tunica dartos muscle layer, closely atta·ched to 
the scrotal skin, apparently served an important .role in the regu-
lation of testicular and scrotal temperatures. 
Systems of Grazing Bluegrass Pastures. (J. E. Comfort, E. 
Marion Brown. This project is in cooperation with Sni-A-Ba·r 
Farms and with the United States Department of Agriculture).-· 
Grazing was started on the continuous and rotation grazing pas-
tures on April 19. It was delayed until May 17 on the deferred 
grazing pasture. Gra:zing continued on these three pastures until 
November 1. The cattle under the rotation system were moved 
to a new division of the pasture every two weeks. Each division 
was grazed t\vo weeks and rested four weeks. Th~ defcrrerl pas-
ture heifers were placed on ten acres of lespedeza for six vveeks 
during the latter half of the stlmmer period. The t::>tal gain per 
a:cre for the different systems .was 110 pounds for rotation g:·azing; 
114.8 pounds for continuous grazing; and 107 potmr1s for deferrt'd 
grazing and lespedeza. 
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AGRICULTURAL ENGINEERING 
J. C. WOOLEY, Chairman 
Plans for a Combination Milk House and Milking Room (J. C. 
Wooley) .-The increasing need for sanitation and the demand for 
a decrease in building cost has encouraged the use of the combina-
tion milk house and milking room in connection with an ordinary 
barn. The time required for milking has been, determined on two 
dairy farms. One used the combination milk house and milking 
room and one a standard type dairy barn where stalls were pro-
vided. Nineteen cows were milked in the first case and 57 in the 
$econd. The total time per cow per milking for the loafing barn 
method wa·s 5.~' minutes; f.or the standard barn methOd 7.8 mili-
utes. The time saving was made in the cleaning of the cows and 
in disposing of the milk. In the milking room the cows were 
milked in pairs. The first pair was fed, cleaned, and the milker 
started. Two more were admitted, fed, cleaned, and the milker 
transferred to them. The first pair were stripped' and turned back 
into the loafing barn and the third pair put in their place. This 
r -~ 
... 
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Fig. 5.-Combination milk house and milking room. 
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wa:s continued until the whole herd had been milked. In a small 
herd there was no difficulty in using this plan. The plan of this 
rH!ik house and milking room is shm,;n in Figure il 
Plans fo.r a Machine Shed and Horse Barn (J. C. \\rooley).-
On many fa·rms it has been found desirable to segregate the ani-
mals in the different enterprises to some extent. Since horses are 
used in connection with machinery, it seemed logical that they be 
housed in the same building. A machinery storage building of 
.necessity coYers a large area and usually offers some storage space 
which can be used for ha:y and bedding. Figure 6 shows the plan 
for a combination horse barn and machinery storage shed. 
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Fig. 6.~Combination horse barn and machinery storage shed. 
Three-Horse Hitch for w·agon (J. C. Wooley).-This project 
has developed a hitch which throws the side draft on the front 
axle through the bolster and under ordinary conditions will cause 
no discomfort to horses from side draft on the tongue. It is use-
ful where extra power in soft fields or with large loads is needed. 
Figure 7 shows this hitch. 
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l.' ig. 7.- Thrcc-hor' <' hil ch for wago n. 
The Spacing of Tile Drains on Missouri Soils (.1. C. ·wooley). 
- Readings on the dn.1 i11 <1ge we lls h;tvc been taken thro11g-h th e 
spring seasou of 1 !)~:1. /\. ll)WCrin g (,f th e water ta bl e on p lots 
h:tving sha llow til e lin es ancl close spactng w:1s show n. There 
was so me q ues tio n as to th e a ·ct,rac.v o f th e we ll s in meas uring 
the vnler t<1hle. :\. pump has been cons t ructed [ur pumpin g- th e 
wa t er from the well s a fter e:~ch reading-. 
Dairy Refrigeration Studies (R. H. T.)arks). om1 letc records 
of the q 11anti ty of mil k cooled and milk t empera tures, tog-e th er w ith 
record s nf electr ic energ-y con;;umption, brin e t emperatures, and 
mi lk room tcmperatur s, h<l \'C been kepi on two farm da iri s dur-
ing th e past year. The t otal cost o f opera ti on o f th e refri g-e ratin g-
sys tem at D:1i ry Nn. 1 w:ts <1pproximatcly one cent per ga ll on . 
Th e refrigeration system at thi s dairy consis ted o f a Y1 horsepower 
air-cooled compresso r placed in th mi lk room; a 1 :l-c ubi r foo l, 
top-opcninr.· storage box w ith clr~'-iypc coils a round th e in s id e ; 
a nd a 11 0-.;al lon ], r in e tank wi th :-in ch c.ork in sulati on, phceci 
under a s hed :-tt th e so u1h Ct !d of tit ~H!i l d in g. \ Va ter was 11sed 
in the top half of the aerator and1 acco mplished aho11t 1 G per c nt 
.-1f 1l1e r)l'e rr0lin g h .1c1 dnriP g thf" snmm('r mon!"l1 c;. Th e lwin c 
te111pe1·ature ''~ri~cl from 1 ~ to 20 rleg- rePs Fahrenheit and averag-ed 
16 degrees. Th e box temperatures rnn g-cd h etwc n 05 <~nd 45 de-
g rc "· Th e total r frig rating rost a{ D a iry No. 2 averaged 
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slightly more than one cent per gallon, about two-thirds of the 
cost being for electric energy and one-third being machinery 
costs. Separate systems for pre-cooling and for storing were used 
on this farm. 
Hotbed Heating (R. R. Parks).-A new type hotbed heater 
has been devised. The old type hotbed heating equipment re-
quired the gardener to install his cable below the ::;urface of the 
soil a:nd cover it with a protective wire screen, then attach the 
thermostat before the bed was ready to operate. With the new 
type, the heater is placed on top of the soil and the plants are 
seeded in rows formed between wood strips which hold the cable 
at the surface of the soil and form insulators both to the cable 
and soil. The wood strips also form a permanent mulch against 
weed growth and moisture loss. A less expensiv~ thermostat and 
a cheaper heating element may be used with this system. 
Greenhouse Lighting (R. R. Parks).-A greenhouse lighting 
experiment indicated the commercial possibility of lighting green-
houses for certain flowers. Complete tests are not yet available. 
Electric Brooding (R. R. Pa·rks).-Thirty brooding installa-
tions over the State have been under observation. Electric brood-
ing with outside temperatures below 32 degrees required a sturdier 
chick than did warm-room brooding such as coal or oil provided. 
Litter must be changed more often because of the condensanon, 
and caution must be taken in breaking the young chicks to the 
heat; that is, training them to go to the heat when cold. With 
electric brooding the costs were a bout the same or lower; chicks 
feathered more rapidly; their growth was good; and the labor 
cost was considerably less. 
Power, Labor, and Machinery Costs (M. M. Jones, D. D. 
Smith).-A survey has been made on 66 Linn County farms to 
determine the power, labor, and machinery requirements and costs 
on these farms. As the crop acres per farm increased, there was 
a very decided increase in the crop acres per available horsepower 
and an appreciable decrease in the days of labor required per crop 
acre. The machinery cost per crop acre also decreased. The 
machinery cost reached low values at about 100 crop acres, 200 
crop acres, a·nd 300 crop acres showing that additional machinery 
was needed for each 100 crop acres. Lower acre cost, bushel cost, 
and labor requirements were secured on farms where larger units of. 
power and machinery were used. The yearly machine cost on all 
farms averaged $120.70 per farm . The items included were de-
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preciation, interest at 6 per cent on inventory value, insurance and 
taxes, repairs, and housing. The inventory value of the machinery 
on these farms averaged $388 per farm. The average yearly cost 
of all farm machines was 13.4. per cent of their first cost. The 
average depreciation rate was 4.8 per cent. 
Tests of Corn Planter Fertilizer Attachments (M. M. Jones, 
D. D. Smith).-Some of the older model fertilizer attachments 
for corn planters deposited the fertilizer in the hill in contact with 
the seed. It was thought that this might be detrimental. A 
planter has been designed to place fertilizer in two narrow bands 
on each side of the hill. This planter has been compared with a 
planter equipped to place a large part of the fertilizer in direct 
contact with the seed. Three rates of fertilizer application were 
tried. The fertilizer used was a 4-10-6; the soil, a Putnam silt loam. 
There was a considerable decrease in the stand in the two highest 
rates of application in the case of the planter placing the fertilizer 
in direct contact with the seed. Corn on all the fertilized plots was 
ta.ller than on the unfertilized plots, by from 3 to 6 inches, 45 days 
<tfter planting. All the fertilized plots showed increases. 
The Efficiency of Energy Transformations in the Hors~ (M. 
M. Jones, S. Brody)._:_The chemical energy expended by the work-
ing horse has been computed from oxygen-consumption ("metab-
olism") measurements. The mechanical work d1one by the ani-
mal has been measured by a specially designed treadmill-dynamom-
eter, which automatically maintains a constant draft or load for 
the horse to pull, and records the distance walked during the test. 
It also indicates the speed of walking at any particular instant. 
For walking experiments, the treadmill may be driven at desired 
speeds by a constant-speed 5 H. P. electric motor. For using the 
treadmill as a cbnstant-load dynamometer, the driving apparatus 
from the electric motor is disconnected. A positive-displacement, 
rotary-gear oil pump is positively driven from the treadmill shaft 
by means of a roller chain and sprockets. This pump draws oil 
from a reservoir and forces it through a throttle valve back into the 
same reservoir. Whenever the movable platform or tre::vi of the 
treadmill moves, the pump works and circulates the oil. 'When 
the valve is closed. the pump is locked and therefore the whole 
treadmill is locked and cannot turn. The position of this valve, 
whether o·pen or closed, is determined by the position of a weight 
which the animal lifts by pulling forward on his traces. This 
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weight may be changed in size to accommodate the requirements 
of different animals. The energy expended by the horse in mov-
ing the tread or movable apron and keeping the weight lifted, is 
used in driving the treadmill and in forcing oil through the piping 
system, including the throttle valve. Knowing the force exerted 
by the horse, the distance vvaikecl, the work done and the power 
developed are: computed from the well-known formulae: 
W ork done in foot-pounds=force exerted in 
pounds x distance 
traveled in feet; 
Horsepower cleveloped=foot-pounds per minute. 
33,000 
Capacity of Silos (M. M. Jones, D. D. Smith).-Samples from 
two silos were taken at different levels and the moisture and grain 
contents determined. The w eight of silage per cubic foot varied 
approximately as the power of the depth. Two primary causes 
of variation in capacity for a silo of a given size were found to be 
moisture and grain content. Laboratory tests were made to de-
termine the pressure-density relationships for silage ot different 
moisture and grain content. This relationship (within practical 
limits) v ... ·as found to he expressed by the equation, y=a+bx_Y:2. 
in which y was the density, X the pressure, and a and b COnStantS 
depending on the moisture and grain content of the sample. A 
series of constants covering the range of moisture and grain con-
tents normally found in silage was thus determined. 
Soil Tillage Studies (D.' D. Smith).-Tests have been started 
with a two-year rotation of corn one year, followed by oats and 
lespedeza the second year, on plots one-twenty-fifth acre in size, 
to give comparisons behveen various methods of seedbed prepara-
tion and various methods of cultivation. Results are not yet 
available. 
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AGRICULTURAL ECONOMICS 
0. R. JoHNSON, Chairman 
The Economic Use of Power, Labor, and Machinery in Crop 
Production (0. R. Johnson, B. H. Frame. In cooperation with 
the United States Department of Agriculture and the Departments 
of Animal Husbandry and Agricultural Engineeri11g) .-Records 
have been taken in Carroll, Saline, Pettis, Vernon, Bates, Henry, 
and Linn Counties. The time spent in performing different field 
operations with various types of power and tools was determined. 
Table 3 shows the man and horse hours necessary for discing 
and plowing an acre in Central Missouri. 
TABLE 3.-LABOR REQUIRED TO Drsc A ND TO PLow AN AcRE I N 
CENTRAL MISSOURI 
Implement and Size of Avg. Hrs. of Avg. Hrs. of 
Kind of Power Implement Man Labor Horse Labor 
Disc 
3 horses 7ft. single . 85 2.55 
4 horses 7ft. single . 72 2.90 
4 horses 8 ft. single .66 2.65 
10-20 tractor 7ft. tandem .49 
10-20 tractor 8ft. tandem .49 
----
15-30 tractor 8ft. tandem .46 
1 S-30 tractor 10 ft. tandem .45 
Plow 
2 horses 1-12 in. s.s 11.0 
3 horses 1-14 in. 3.9 11 .8 
3 horses 1-16 in. 3. 7 11.1 
4 horses 1-16 in. 3.3 13.1 
4 horses 2-12 in. 2.4 9.6 
S horses 2-12 in. 2.1 10.4 
10-12 tractor 2-12 in. 1. 7 
10-20 tractor 2-14 in. 1.3 
15-30 tractor 3-14 in. .88 
20-35 tractor 3-14 in. .82 
Corn planting with two horses and! two-row planters re-
quired .74 hours of man labor and 1.48 hours of horse labor an acre. 
For husking corn from standing :;;talks one man and two horses 
required an amount of time varying with the yield per acre. The 
line of relationship between time required and yield per . acre was 
y=2.293+.1036X, where y represents the estimated man hours and 
X represents the yield per acre. Corresponding figures for hotse 
labor requirements were y=4.585+.207X. 
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Relation of Farm Improvements to Earnings (0. R. Johnson). 
-Facts have been computed and averages figured for 138 fa:rms. 
The average size of the farms was 2119 acres; total days of pro-
ductive labor, 662; number of men employed, 1.84; gross 1receipts, 
$4,025; acres in crops, 185; in corn, 135. Nine per cent of the 
crop area was in legumes; 23 per cent of the land in pa:sture. The 
live stock investment was approximately $16 per crop acre. The 
average farm had 3 milk cows, 5 beef cows, 16 brood sows, 8 
ewes, and 128 hens. The average yield of corn was 34 bushels per 
acre and of oa:ts 24 bushels. The increase and net sales per. unit 
o£ live stock were as follows: for cattle, $43, hogs, $46, and sheep 
$19. The average farm raised 8 pigs per brood sow, sold· $3.96 
worth of wool and lambs per ewe; and $1.44 worth of poultry 
products per hen. The net income from live stock for each dollar 
invested was 52 cents. The livestock income for each dollar's 
worth of feed was 49 cents. The a·verage worker accounted for 
:354 days of labor. He had $749 worth of machinery. The aver-
age work-horse worked 93 days on 26 acres of crops. Sixteen 
acres of crops were tended for each $100 worth of machinery. The 
land value per acre was $121. The investment in service buildings 
per acre, $17; the value of fencing, $3.82; ma:chinery, $5.62. The 
average farm had $6.23 invested in feeds and supplies for each 
acre of land farmed. The live stock investment was $10.78 per 
acre. The cost of maintaining improvements for each $100 in-
vested, $2.86. or 57 cents per acre. Machinery maintenance was · 
$19 for each $100 invested. Annual cost of improvements included 
maintenance, interest, etc .. $7.66 for $100 invested. The most ex-
pensive live stock buildings were cattle barns. The average total 
investment per farm was $23,687, of whiCh 77 per cent was real 
estate, 10 per cent live stock, and the remainder equipment, feed's, 
and supplies. The operator's receipts averaged $3,546, of which 
85 per cent came from live stock a.nd their products. The average 
farm income, allowing interest on 'investment at 5 per cent, was 
-$1,926. There were only eleven farms in the total of 138 that 
realized a positive farm income, and for labor income there were 
only six farm receiving a positive labor income. 
Cost of Family Living on the Farm (B. H . Frame).-A record 
of farm products used· in the household was obtained on 72, farms 
in Atchison County. The farms were divided into two groups. 
<me representing over $20,000 investment, the other under $20,000 
investment. Each group wa:s divided into owner-Qperated · and 
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tenant-operated. The owner-operated farms contributed more to 
the family living than the renter-operated farms, largely in the 
follo·wing items: poultry products, fruit, vegetables, and fuel. The 
renters used more pork and beef. The owners of the larg·e farms 
used $239.20 worth of farm products for the family living ; renters 
of large farms, $212.11; owners of small farms, $198.71; renters of 
small farms, $183.59. 
Marketing Poultry Products (F. L. Thomsen, Berley \Vinton). 
-Work with car-lot shippers of eggs in Missouri, both cooperative 
and private, showed that basic to improvement in grading ctnd 
packing practices in Missouri was a change in Federal standards 
for eggs, and the attitude of metropolitan dealers toward the type 
of eggs shipped from Missouri. A study to obtain data bearing 
on this problem has been made at the New York City m arket. 
Live Stock Prices (F. L. Thomsen, R. P. Callaway).-Margins 
between markets, St. Louis, Kansas City, St .. Joseph, and Chicago 
have been computed on a daily, weekly, monthly, and annual basis. 
Any quantitative explanation of changes in market margins for 
hogs has been ex~eedingly difficult to obta·in. Bean's graphic 
method of multiple correlation has been used 'vithout success. 
Farm Real Estate Situation for Missouri (C. H. Hammar, R. 
K. Moore) .-Since Hl27 farm real estate values have fallen more 
than 50 per cent. Values in 1932 were approximately one-third of 
those of 1920 ancl approximately eqtm] to the values of 1901. This 
has resulted in an astonishing foreclosure situation. For 13 coun• 
ties from which data were obtained, 2Y2 per cent of t he total 
acreage in farms was transferred by trustee's deeds in the 14-
month period from July l , 1~:.31 to August 31, 1£!32. 
Taxation Problems of Agriculture (C. H. Hammar) .-An in• 
clex of the movements of farm taxes from Hl14 to 1931 has been 
completed. A map showing average tax rates by counties for 1926 
to 1931 is shown in Figure 9. 
Types of Farming in Missouri (C. H. Hammar, W. J. Roth).-
'I'he major part of this project has been completed and the pre-
liminary analysis is in manuscript form. Publication has beert ' 
delayed to include dat2. from the 1930 census. 
Tax Delinquency in Missouri (C. H. Hammar).-Records were 
obtained· from ] 3 counties and related tb the delinquency for 193(; 
and previous years. It was shown that delinqL1ency was app<>.r-
ently universal, that it was growing in volume ::.nd i'1crea:sing 
rapidly E·:ince 1929. Delinquency was m,1re prevalent on the poorer 
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Fig. 9.-Average county tax rates ; 1926-1930, inclusive. 
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soils, with one cxccptir,,l, the south<:":t:.:t lovvlancls when~ del ir,qucncy 
-on fertile lands has been co.usc<i by heavy levee and drainage taxes. 
The scope of this project has been increased t o include ao Ozark 
counties. 
Expenditures of Local Rural Governments in Missouri (C. H. 
Hammar, Glen T. Barton).--Financial statements from 1914 to 
1031 have been secured for each of ten l\1issouri counties. These 
statements have been supplemented by data for expenditures for 
schools in the va:rious counties obtained from the report of the 
State School Superintendent. Average expenditures 
,grouped as follows. 
have l:.cen 
Agricultural Extension ...... ....... .... ......................... $ 727.00 
6,716.00 
8,229.00 
9,504.00 
C:·iminal ...... ........................................................... . 
Hospitals ... ............... ........ ........ ....... ......................... .. 
Paupers .......................... .. ............................ .. .......... .. 
l !:sane ............... .......... ...... ....... .... ........... ................... .. 
Salaries and Fees ................ . ............ .................... .. 
Mi:;cellaneous .................... ............................. ......... . 
Reads ...................................... . ............................... . 
Schools ...... .................................... ........ .................... .. 
10,070.00 
20,257.00 
27,780.00 
72,049.00 
177,820.00 
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T;1e counties included were Atchison, Boone, Callaway, Frank-
lin, Howard, Johnson, Macon, and Newton. Each amount is an 
average of the data secured from eight counties for the years 1914 
to 1981. Incomplete records made it impossible to use two of 
the original ten counties. 
AGRICULTURAL CHEMISTRY 
A. G. HoGAN, Chainna;Jt 
Soluble Vitamin Supplements for the Chick (A. G. Hogan, 
R. V. Boucher).-A simplified ration for the chick, containing all 
the essential vitamins in soluble form, has been prepared. These 
supplements amounted to 13 per cent of the ration, which was 
higher than was desirable. 
An attempt has been m<ldc to further concentrate the supple-
ments. About one-half ·of the acid hydrolized yeast was found 
to be soluble in 95 per cent alcohol. This portion contained all 
the vitamin activity. The ether extract of egg yolk was saponified 
and the non-saponified fraction was used to replace the ether 
extract. The substitute was as effective a:s the original extract 
and reduced the amount of this supplement to .12 per cent. A 
fuller's earth adsorbate was prepared .from tiki-tiki that was satis-
factory . . A concentrate of the liver extract has not yet been pre-
pared. This reduced the essential vitamins until they make up 
about 8 per cent of the total ration. 
It has been shown that a ration may sustain rapid growth 
but be deficient for a hen while producing eggs. By increasing 
the amounts of the supplements 11 healthy chicks of the second 
generation have heen obtained. · 
Effects of Ultra-Violet Rays on Vitamin B (A. G. Hogan, 
L. R. Richardson).-One of the substances belonging to the vita-
min B complex is destroyed by irradiation with a quartz mercury 
arc. Yeast was used first as a source of the vitamin B complex. 
It ·has been replaced with a mixture of tiki-tiki and liver extract 
which has been irradiated in solution. This method has . proved 
more convenient and larger amounts can be irradiated at one time. 
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A larger proportion of the activity also was destroyed when ir-
radiated in solution but apparently the destruction stql was in-
wmplete. 
Nutritional Properties of De.aminized Casein (A. G. Hogan, 
W. S. Ritchie).-One of the essential a:mino acids, lysine, can not 
be recovered from proteins which have been treated with nitrous 
acid. When such a preparation was incorporated in the ration as 
the sole source of protein the animals (rats) failed to grow and 
died within a few weeks. Supplements of lysine were of no value. 
Deaminized casein was combined with incomplete proteins in an 
effort to discover what its amino acid deficiencies were. The pro-
cedure was not successful but it developed that when deaminized 
casein was combined v:ith equal parts of gelatin an1 gliadin only 
,light growth was secured. The animals usually succumbed with-
in a few weeks with extreme anemia. Rats normally grow reason-
ably well on gelatin and gliadin alnne. Therefore, deaminized 
casein seemed toxic. However. the animals grew well and did not 
develop anemia when the ration contained equal parts of casein 
a·nd deaminized casein. 
Nutritional Requirements of the Rabbit (A. G. Hogan, W. S. 
Ritchie).-The nutritional requirements of the rabbit are different 
from those of the animals that have been studied. Rabbits have 
never been reared successfully on simplified diets. A basal ration 
of casein 20, starch BO, lard 1·3, cod liver oil 1, wheat germ 1, yeast 
15, salts 5, cellulose 15 was prepared. The cellulose was finely 
comminuted and thoroughly mixed. This ration was later changed 
by substituting butterfat for lard and cellophane for cellulose. 
Better results were secured after making this change. However, 
sufficient time has not elapsed to demonstrate the entire adequacy 
of this ratiun. When supplemented with orange juice this ration 
was satisfactory. 
Nutritional Properties of Meat (A. G. Hogan, W. S. Ritchie). 
--Muscle meat alone has beeu feu to rats through six generations. 
The mortality rate during the last generation wa:s higher, but the 
difference was not significant. Mortality on a liver diet also was 
higher, but again the difference was not significant. The increase 
in mortality was due to large losses in the litters of the third 
generation. Observation on kidney have heen carried through 
two generation-s. However, only a few litters were produced. 
This migh.t be due to a lack of vitamin E or to bad inheritance. 
These animals h;l.ve been discarded and the work continued with 
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a new strain. Part of the <ttJimals have been given whea:t germ 
oil as a s<Jttrcc of vitamin E. Apparently, the animals do as well 
without wheat germ oil as \-vith it. 
Chemical Service (L. D. Haigh, W. S. Ritchie, E. W. Cowan). 
--A total of 748 chemical determinations was made for the de-
partments of the Agricultnral. Experiment Station and for in-
dividuals and companies in the State. 
BOTANY 
'vV. J. RonuiNs, Chairman 
The Control of Damping Off of T~omato Seedlings (C. M. 
Tucker, C. G. Schmitt).-'Dhe damping off of Bonny Best tomato 
8eedlings, caused by Pythium de Bm·;.'a·num has been investigated. 
A proprietary compound sold a:s DuBay 738, containing ethyl 
mercury phosphate as the active ingredient, was mixed with in-
oculated clay loam at various rates. Applications of .05 and .2 g. 
per 5-inch pot exerted very little effect. Applications of .5 g. 
reduced the pre-emergence kilEng of seedlings to a significant 
degree, hut did not protect the seedlings from infection a:fter 
emergence. The applications of 1.0 gram resulted in the best 
control of the disease. This heavy application caused a slight 
delay in germination and in some pots there was a marked stunting 
of the plants, while in others the seedlings developed normally. 
The number of healthy seedlings a:fter 30 days exceeded that of 
the untreated controls by more than 2% times. 
A second series of experiments using sandy loam soil was 
completed. The applications of .5 g. and 1.0 g. gave satisfacto·ry 
control. The latter again caused a bg in emergence, which, how-
ever, wa:s less marked than in the heavier soil. The stunting effect 
likewise was les::> evident. 
The effect of different soil reactions on the effectiveness of 
DnBay 738 was investigated. The reaction of a sandy loam soil 
was adjusted to various degrees of :1.cidity and alkalinity by the 
additi(Jn of different amounts of sulphuric a:cid and sodium hy-
droxide. All pots were inoculated with P. de Bm·yanum and after 
mixing with DuBay 738 the reaction of each pot of soil was de-
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termined by the quinhydrone method. One half . of the pots re-
ceived 1.0 g. DuBay 7'33; the other half served as controls. 
Pythium de Baryanum caused Infection and clamping-off at various 
soil reactions in the range of pH 5.6 to 8.5; the severity of in-
fection was not affected by these variations in reaction. When 
DuBay 788 was mixed with the soil satisfactory control of damping 
off was secured at each of the 7 more <£lkaline reactions, the average 
numbers of healthy seedlings per 100 seeds varying from 71.2 to 
83.4, as compared with 15.4 to 29.4 for the checks. At pH 5.59 the 
average number of healthy seedlings was 52.6 in the DuBay-treated 
pots. This decrease was probably clue to the combined inhibitory 
action of the mercurial a:nd the toxicity of the sulphurous ion, 
since these pots received ilO c.c. normal sulphuric a:cid. The re-
sult cannot be accepted as eviliencc of the possible effect of the 
mercurial in a soil of n;,tural pH fi.6 or lower. Some mercurial 
injury ''·as shown in a few of the pots. 
Investigations with Scle,rotium Delphinii (C. M. Tucker).-
Sclcrotium Velphi1·tii causes a serious stem rot near the surface of 
the soil. Specimens of the fungus were received on the following 
hosts: Delphinium spp. and Physostegia virginica, Boone Co.; 
Lilium regale, Jackson Co., his spt .. ,. Jasper Co.; the fungus was 
isolated from a sample of soil from Livingston Ct.. Numerous 
culture media have been tried. Of the agars, the largest sclerotia 
developed on onion agar.: normal growth ·did not occur m media 
lacking organic nitrogen. A . comparison of S, Delphinii with 
specimens of S. Rolfsii isolated in Florida indicated that the species 
were distinct. S. Delphinii made its optimum . growth at 30° t<> 
:15° C. <l!t various hydrogen ion concentrations of the agar medium 
ranging from pH 3.9 to pH 9. The maximum temperature for 
growth was between 37;5° and 40° C. The thermal death point 
was 48° to ;soc C. Sclerotia stored at variottf> temperatures rang-
ing from :1° to H7.fi° C. for fottr· months. remained viable, 'as did 
those tXposed to out-door winter temperatures. The optimum 
reaction proved to be at about pH 4.5. Above pH 8.0 the growth 
rate dccrear-;ed :rapidly. The toxicity to sclerotia of copper car-
bonate, formaldehyde, phenol, acetic acid, pyrolig·neous acid, mer-
curic oxide, DuBay No. 738, DuBay No. 1112, DuBay No. 1153A 
and other chemicals showed that the DuBay prepa:rations, con-
taining ethyl mercury phosphate, vverc most effective, Some of 
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the lethal concentrations and the necessary exposures were as 
follows: 
Formaldehyde 2% 10 minutes 
Formaldehyde 1% 20 minutes 
Acetic acid 2% 10 minutes 
Acetic acid 1% 40 minutes 
Mercuric chloride 0.1% 40 minutes 
Ethyl mercury phosphate .0105% 5 minutes 
The Identification of Plant Diseases (C. M. Tucker) .-During 
the year 240 requests for identiflcation of plant diseases and 
information on control measures have been received. Climatic 
conditions during the spring of 1933 were unusually favorable for 
the development of plant diseases. Lovv temperatures resulted in 
retarded growth and prolonged the period of susceptibility. Fre-
quent rains favored the deYelopment and dissemination of parasitic 
fungi. Among the diseases identified the following were new 
or unusual in occurrence or severity in Missouri: Bacterium tolaasi 
~:ansed a spotting of the caps of cultivated mushrooms, Jackson 
Co.; Cladosporium cuc1-tmerimum, the cause of cucumber scab, 
caused very severe leaf infection in green-houses in Jackson Co.; 
Erysiphe Cichoracearrum (powdery mildew) was abundant in green-
houses, especially on older encumber plants in Jackson Co.; mosaic 
of cucumbers was important as a cause of cull fruits in greenhouse 
crops, Jackson Co.; Sclerotinia sclerotiorum caused a stem rot of 
cucumbers, attacking the stems as high as one foot abov~ the soil, 
greenhouses, Jackson Co.; Rhizoctonia sp. caused a foot-rot of 
barley in Jasper Co.; Phoma sp. caused large white or gray cankers 
on stems of K erria japonica resulting in the death of :affected stems, 
Newton Co.; Sclerotium Delphinii caused a serious rot of bulbs and 
roots of the regal lily in a nursery in Jackson Co.; Aplanobacter 
Michiganense (bacterial canker) caused the death of tomato seed-
lings 6-8 in. high in fiats in a Newton Co; nursery; Bacterium 
1.1esicatorium caused considerable spotting of Marglobe tomato 
fruits, Boone Co. ; alfalfa diseases were more prevalent ·· than usual 
in the ~ummer of 1932, and numerous specimens of the leal? spot 
caused by Pseudopezi,za medicagims were received; in the spring 
of 1933 stem or crown rot (Sclerotinta trifoliorum) was generallY 
present ami frequently important; specimens of the black stem 
disease (Phoma mediraginis) were received from Lafayette, Co. 
A leaf-spot of sweet clover was abundant in fields in Monroe 
Co.; the spots we.re small, dark, angular, more conspicuous on the 
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lower than ou the upper surface of the lea:£; infected leaves were 
usually thickly spotted; a white bacterium isolated from the spots 
was suspected as the causctl organism. 
BacteriaJ phaseoli (bacterial blight) was common and un-
~tsnally destructive on ganlen and lima beans in most sect1ons; a 
Pythium root-rot of peas was noted in Buchanan Co.; the phoney 
peach disease was identified in 8 of 4 suspected cases in an orchard 
at S1keston, Scott Co.; peach leaf curl (Exoascus deformans) was 
unusually prevalent in southern Missouri in 1933; N hizocton.ia sp. 
caused a severe rotting of stem and leaf bases of Pyrethrum hybr-i-
dt~m in Boone Co., but infection did not spread to the roots. 
A canker of large and small branches of apple trees was 
observed from two sections of Greeue Co. The cankers were 
rather small but very m1merous, with a cracking of the bark at the 
wargins; there was little tendency toward elongation. The in-
fection extemled deeply into the wood where it was evident by the 
brown dotted or streaked· appearance. Badly infected limbs were 
killed. Isolations indicated that the canker was of fungous or1gin. 
Downy mildew (Peronospora parasit-ica) occurred on radishes 
in Jasper Co.; foot or crown rot (Phytophthora parasitica) o£ rhu-
barb can sed some losses in Boone and St. Louis Counties; a root 
rot of wheat caused by a species of Pythium caused large dead 
spots in fields on heavy bottom land in Chariton Co. A bud and 
stem rot of tulips was prevalent in 1933, ·when the blooming period 
occurred during cool wet weather; a species of Rhizoctonia was 
i':lolated. from several infected buds. 
Apple scab was more ;tbundant in central and southern Mis-
souri than for several seasons. Black rot of grapes ( G ttign.ardia 
Bidwellii) caused a loss of 30-40% in a 10-acre vineyard in south-
western Missouri. Oat smut was abundant in central and north-
ern Missouri and caused losses varying fro~ 10 to 35%. Barley 
smut, both loose and covered, vvas prevalent in northwestern Mis-
souri, the damage often reaching 207o. Covered smut was more 
important than loose smut. 
Damage by, the root knot nematode ( H eterod era radt':cicola) 
appeared on the increase. In St. Louis Co. parsnip::; m a: quarter- ' 
acre field were thiddy covered with gaqs. Tomato seedlings 
grown in a greenhouse in the same county were heavily infected. 
The severe winter of 1932-33 caused an unusual amount o£ 
injury to perennials, especially peonies, and of tulips, narcissus, 
ha:rdy lilies and other bulbous plants. 
,32 MissouRI AGRICULTURAL ExPERIMENT STATION 
. Several new hosts of species of Phytophthora are listed m the 
,report on Phytophthora investigations and omitted here . 
. . ¥orphologic and Physiologic Studies on the Genus Phytoph-
~hora (C. M. Tucker, C. A. Benson) .-During the year 58 cul-
tures were received from various parts of the United States, South 
.Africa; I nella, Japan, Scotland, Holland, and Burm:1.. Isolations 
were made during the spring of 1933 from :several cases of infection 
of hitherto unreported hosts of the genus in Boone Co. Some of 
the more intefesting identifications of species on new hosts are a.s 
follows: Ph.vtophthora parasitica on Piper beetle, Burma; P. cinna-
monii on Castanea dentata, Southeastern U. S.; P. cacton~m on 
Eriobotrya japonica and Lilli'rum dauricum, Japan; P . parasitica on 
Lilium elegans, Japan; P. Drech.slcri on Beta v1.1lgaris var. crasscv 
(sugar be<:'t), Utah 'and C::alifornia. In Boone Co., Mo., species of 
_?hytophth.ora, as yet unidentified, were isolated from a disease of 
!Vigella da:m.,·zscena characterized by infection, blackening, and col-
lapse of stet-::J.s, roots, leaves, flowers, and fruits; from ~~ blac:k decay 
of · the stems, leaf bases and peducles of Campanula persicifolia; 
from gray killed areas on the stems and a soft rot of the large roots 
of Gypsoph ila. tanz~culata; from a soft rot and collapse of the stem 
a few inches helow the buds of Lilum. Ca"ndidum; from browned, 
collapsed perianth segments of I. ilium elegcms and L. regale;. from 
hlackeri.ed leaves and petioles of annual Delphiniwn sp., and from 
gTay infected area·s girdling the stems and peduncles, extending in-
to the leaves, and involving the floral bracts and unopened buds, 
oausing a rot of the flowers of Dianthus Caryophylltts, the hardY 
carnation pink. 
Of 13 isolations from Nigella damascena made in .1932 eleven 
produced chlamydospores and sporangia, but no sexua:l spores in 
culture, developed abund•ant cottony mycelium on certain medi~•. 
and grew most rapidly at 27° to 32° C. The other 2 isolations 
produced oospores in oogonia with paragynous antheridia, as well 
as asexual fruiting hoclies. exhibited only slight development of 
aerial mycelium and developed best at 25° C. Both species infect 
. wotmded apple fruits , the oospore-producing isolations more slowly 
than the others. Of the non-oospore-producing isolations approxi-
mately OI}e-hal£ proved pathogenir. to wounded potato tubers, caus-
ing tissue infection that bec:tme pink on exposure to air. Tl:e 
other half and both oospore-producing isolations proved non-
pathogenic to potatoes. 
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Both groups infected Nigelh plants inoculated through;. stem 
or root wounds, and plants transplanted into inoculated soil. In 
infected roots the cortex was softened and blackened awl sepa:rated 
easily from the vascular cylinder. Root infection may he pa rtial 
and result in stunting ra.ther than death. 
The Control of Smuts of Small Grah>s (C. M . Tucker) .......... 
Kherson oats heavily dusted with spores of Ustilago avenae were 
divided into ten lots and treated by varions method:; as indicate-:! 
in Table 4. 
TABLE 4.-TREATMENT FOR 0AT SMUT AND THE EFFECT ON VIABILITY AND 
INFECTION 
Treatment %Viable 
Smutted Heads 
Plot Variation % %of Total 
1. New Improved Ceresan (~ oz. per 
bu.) Covered 24 hrs·---------- --- 89.5 0 0 
2. Soaked 1 hr. in formaldehyde (1 to 320) Dried ______________________ 80.0 0 0 
3. Sprayed until moist with formalde-
hyde (1 to 1) Covered 24hrs. _______ 85.5 0 0 
4. Formaldehyde dust (3 oz. per bu.) 
Dust 1 yr. old. Covered 24 hrs. _____ 84.5 1.0-6.0 3.3 
5. Check. Soaked 1 hr. in water ________ 89.0 5.0-22.0 12.1 
6. DuBay 1134 (1 oz. per bu.) Dust 1 yr. 
old. Covered 24 hrs. _____________ 95.0 0-0.5 Trace 
7. DuBay 1100-ccc (~ oz. per bu.) 
Covered 24 hrs. ----------------- 90.5 0-2.5 .4 
8. DuBay 1100-ccc (;1 oz. ph bu.) 
Covered 24 hrs. ----------------- 94.0 .5-6.0 2.5 
9. Iodine (10% solution in carbon bisul-
phide. 1 oz. iodine per bu.) Covered 24 hrs. __________________ -- __ .. __ 91.5 0-3.0 .5 
10. Check, not soaked _________________ 94.5 4.0-15.5 9.3 
The most effective treatments were soaking in formaldehyde 
(1 to 320) for 1 hr., spraying with iormddehyde (1 to 1), New 
Improved Ceresan (% oz. dust per iJu.), and Du'B<ty l13<L (1 oz. 
cllbt per. bu.). Formaldehyde dust that ·,\· :=!.~ sati~.factory in 1932 
kept 1 year in a tightly closed can proved unsatisfactory indicating 
that the dust cannot be kept from one season to another and used 
in safety. 
Seed of Tennessee barley suspected of infection by UsNlago 
nuda was dusted with spores of Ust-ilago hordei. Seed were sub-
jected to various treatments and viability tests mad-e as shown in 
Table 5. 
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TABLE 5.-VARIOUS TREATMENTS OF TENNESSEE BARLEY SEED 
AND THEIR EFFECTS ON VIABILITY 
Treatment %Viable 
1. Soaked J hrs. in water at 45° C·------------------------------- 88 .0 
2. Soaked 2 hrs. in water .at 46° C._______________________________ 89.0 
3. Soaked I hr. in water at 48° C·------------------------------ -- 87 . 5 
4. Soaked ;1 hr. in water at 50° C·------------------------------- 92.5 
5. Check-soaked 3 hrs. in water at room temperature______________ 95 .0 
6. Soaked 20 min. in water at 5I° C·------------------------ - ---- 92.0 
7. Soaked I3 min. in water at 53° C·----------------------------- 92.0 
8. New Improved Ceresan (;1 oz. per bu.) Covered 24 hrs.__ ________ 97.5 
9. DuBay No. II34 (I oz. per bu.)------------------------------- 95 .0 
IO. DuBay No. 1100-ccc (Y, oz. per bu.)___________________________ 95.0 
II. DuBay No. IIOO-ccc (7:\ oz. per bu.) Covered 24 hrs.__________ __ 98.5 
I2. Formaldehyde dust (3 oz. per bu.) Covered 24 hrs.____________ __ 93.5 
I3. Soaked I hr. in formaldehyde (1 to 320) Dried__________________ 92.5 
14. Sprayed until moist with formaldehyde (1 to 1) Covered 24 hrs.___ 86 . 5 
I5. Check--notsoaked------------------------------- --- -------- 92.5 
Adverse weather conditions prevented the securing of data on the control of 
the barley smuts. 
Miscellaneous Investigations (C. M. Tucker) .-During the 
year Buchanan, Holt, Newton, Lawrence, and Greene Counties were 
visited for a survey of apple disea:Ses. Chariton County was vis-
ited to study an outbreak of root rot of wheat; Monroe County, 
to investigate an unusual disease of S\veet clover; Ray County, 
to address a meeting of potato growers; Jackson County, to ad-
dress a meeting of apple orchardists; St. Louis County, to examine 
the diseasec; of various ornamentals, especially the calla lilies, in 
greenhouses; J ach:on County. for a survey of the diseases of 
greenhouse cucumbers and mushrooms. Cooperative work with 
other departments indutied the planning of a spra:y program and 
examination of diseased specimens in northwest Missouri for the 
control of apple scab and frogeye leaf-spot. This was in co.-
operation with the Departments of Horticulture and Entomology. 
Cultures of the fire-blight bacterium were supplied the Entomology: 
Department for use in an experiment for the dissemination of 
fireblight by bees. Sections on diseases of wheat and alfalfa were 
prepared for bulletins in preparation for publication by the Field 
Crops Department. 
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DAIRY HUSBANDRY 
A. C. RAGSDALE, Chairman 
Growth Efficiency of Dairy Cattle (A. C. Ragsdale, S. Brody). 
·-Data have been collected on a large number of Ayrshires, Guern-
seys, Holsteins, and Jerseys, both male and female, a:t various ages. 
The apparent efficiency o.f gro¥.'th declined with the advancement 
of age. This was due to the constantly increasing use of feed 
for maintenance as the body of the animal increased in size. At-
tempt5 have been made to de:ternine whether the ratio of live 
weight gained to the total digestible nutrients consumed, less the 
total digestible nlltrients used for maintenance, were constant. 
Declines in resulting ratios were still considerable; due perhaps 
to the change in the chemical composition .of the body as well as 
to incorrect estimates of maintenance requirement. 
Basal and Resting Metabolism Studies (S. Brody, A. G. Hogan, 
H. L. Kempster, A. C. Ragsdale, E. A. Trowbridge, W. C. Hall, U. 
S. Ashworth, E. M. Funk).-Metabolism per unit weight increased 
tor a brief period following birth, then declined first with rapidity, 
then steadily slowing down with increasing a:ge. The decline in 
metabolism per unit weight with increasing age was found t(• he 
due largely to increase in live weight during growth, and only to a 
minor degree -to increasing age. 
The Influence of Fasting on Body Weight and on Energy and 
Nitrogen Metabolism in Chickens and Pigs (S. Brody, V. W. 
Phillips, U. S. Asl1\'vorth) .-A White Leghorn chicken survived. 
without food for ·19 days, losing during this time iil% of its 
initia:l live weight. The total heat production declined steatlily 
throughout the fast, but the decline in metabolism per square 
meter declined only until the 20th day, when it reached a level 
between 400 to 450 calories per day and remained at thi~; level 
for the remainder of the fast. On a per-kilo basis, the metabolism 
declined to the 20th day. then it increased. The nitrogen ex-" 
cretion increa:sec! from 25 to· 80 mg. per day. The total creatinine 
excretion followed the same course as the total nitrogen excreti,m. 
increasing from 20 to 80 mg. per day. 
Two sows were similarly fasted, surviving 60 days, and ~ven 
then death was not caused by the lack of dietary energy or nitrogen 
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but by some infection, due apparently to decreased resistance on 
account of a vitamin deficiency. The curves of nitrogen and en-
ergy metabolism in the sows 'Nerc radically different from those 
observed in the fovv·l. The time curve of nitrogen excretion in 
the fowl during fasting also was found to be radicaily different 
from corresponding curves in humans and dogs. 
The Energy Difference Between Standing and Lying (S. 
Brody, W. C. Hall).-Most of this work was confined to dairy 
cattle; but for comparative purposes da:ta also were secured from 
beef cattle anci sheep. About 2000 measurements were made. 
The energy increments of standing over lying were fotmd to be 
9% for dairy cattle and sheep; 7% for a Hereford cow; and 13% 
for a very heavy Hereford steer. The combined energ-y cost of 
getting up and lying down for medium-sized cattle we1s found 
to be 8 kiio-ca·lories per animal, or 2.5 calories per 100 kilos live 
weight. The percentage increase in pulse rate on standing over 
lying was found to be one-half to one-fourth of the percentage 
increase in energy metabolis1i1 during lying. The respiration rate 
decreased by 10 to 12% on standing, but this decrease. in respira· 
tion was compensated by a proportiona:l increaf.e in the tidal air 
during standing, so thai:j the increase in. the volume of air exhaled 
per minute was of the same order as the increase in oxygen con-
sumption. During fasting all the cardiorespiratory activities ·,vere 
found\ to decline. 
Endogenous Nitrogen Metabolism in Rats (S.· Brody, U. S. 
Ashworth) .-The ratio of basal energy metabolism to basal nitro-
gen metabolism tended to remain constc:.nt for all ages and live 
\veight. The creatinine excretion per kilo live weight on the other 
hand remained constant at a:ll ages, t~Ierefc,re creatinine nitroge:1 
was not a constant percentage of endogenous nitrogen. The cre-
atinine coefficient in the rat remaineci constant for all w'!ights, 
ages, and condlitions of food supply a:nd the endogerJOUS nitrogen. 
cod:J'ident <'iedined with increasing weight proportionately l(l the 
decline in the ba:sal metabollsm coefficient. Depending- on the 
previous diet and also on the individuality, from 4 to 29 days were 
required to attain the endogenous level of n itrogen excretion in 
rats. 
Growth and Nitrogen Metabolism in Dairy Cattle (A. C. 
Ragsdale, S. Brody, U. S. Ashworth).-1Jrine was collected from 
six Jersey and four Holstein females between the ages of 7 and 
40 months. Both the tota·l and preformed creatinine excretion per 
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unit live weight remained practically constant throughout this 
whole age interval. The animals were fed according to "good 
dairy practice". The total urinary-nitrogen excretion per kilo live 
weight paralleled the dietary nitrogen intake' per kilo live weight. 
On a! percent~ge basis, 92% of the dietary nitrogen was excreted 
with the urine during the ages 10-15 months and 45% during the 
last months of pregnancy. It was indicated that in "good dairy 
practice" feeding, the animals during the skim milk feeding period 
were probably overfed with protein (or und·erfed with energy). 
The Influenc,e of the Plane of Nutrition on the Usefulness of 
Feeding Stuffs in Cattle and Rabbits (S. Brody, R. C. Proctor).-
About 28,<;;;) of the gross energy of feeds was lost in the fec·es. 
T'his waste was increased from 5 to 10% with increasing fee~ 
intake. About 9% of cattle feeds were lost in the forw 
of methane. This increased with increasing food intake. Ap-
proximately 5% of the feed energy was lost by way of urine. Thi~ 
percentage value also increased with increa:sing plane of nutrition. 
The range of loss in the form of heat of specific dynamic action was 
.very great, ranging from :3.% of the fuel value of the feed at a 
one-half maintenance level up to 20% at ma·ximum intake. 
The Energy Cost of Walking (S. Brody, W. C. Hall).-Meas·· 
nrements on cattle a•nd horses have shown that walking at the rate 
of abont two miles an hour increased the heat production by about 
100%. These figures were based on a very few experiments and 
are entirely tentative. A special treadmill has been designed and 
( onstructecl for these investigations. 
The Normal Development of the Mammary Gland (C. W: 
Turner, A. B. Schultze, W. R. DeMoss, W. H. Remmert, E. T. 
(;omez).-The normal development of the mammary gland of the 
male and female albino mouse has been observed and' described. 
This also has been done for the male and female guinea pig a·nd 
for the monkey, dog, cat, and sow. Experimental growth of the 
mammary gland had been accomplished in previous years with 
the rabbit and the rat. The mouse, guinea: pig, dog, and cat have 
all been used this year. In every case the growth ·of lobules 
corresponding to the type of gland normally observed at about the 
middle of normal pregnancy or at the end of pseudo-pregnancy 
has been experimentally stimulated. These observations proved 
tha:t the ovarian hormones theelin and corporin wereresponsible 
for the normal growth of the mammary glands (theelin first stimu-
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lating the growth of the duct system and then theehu and• corporin 
together stimulating the grow th of the lobule system). 
The Hormone Control of Lactation (C. W. Turner, W. U. 
Gardner, A. B. Schultze, '0/. R. DeMoss, W. H. Remmert).-
Galactin, the lactation promoting hormone, has been observed to 
stimulate lactation in the rabbit, guinea pig, dog, sow, cat, and 
rat. The response of the mammary glands of the rabbit varied 
with the developmental condition of the glands at t;he time the 
injectious were made. Involuted and· immature mammary glands 
did not respond to gala:ctin in the amounts injected. However, 
this type oi gland of rabbits, partially but not completely developed 
by the ovarian hormones, thedin and corporin (or theelin a lone,) 
has been found to respond to galactin. Galacti-n was obtained 
from both cattle and; sheep pituita:ries. It has retained its activity 
under storage conditions for periods as long as .:;ix months. In 
the soluble form it was readily inactivated by heat. Galactin was 
found in extracts containing appreciable amounts of gona:d-stimu-
lating hormones and in extracts containing no gonad-stimulating 
hormone. Therefore, it vvas cc·nduded that galactin and the gonad-. 
stimulating substamces were not identical. Since tricresol has 
been reported as destroying the gr.:::wth hcrmoi1e, galactin was 
cons:dered distinct from this substance. The gonad-stir11uYating 
hormone, Antruitrin-S, was ineffective in i..aitiating lactation b 
the rabbit. A method for biologically assaying galactin-conta-ining 
extracts using pseudo-pregnant rabbits has been developed. A 
unit of galactin has been defined as the minimum amount o£ 
extract, which injected during a: perio·d~ of seven days at daily 
intervals, was required to induce a plus three or plus four response 
in rabbits pr~viously pseudo-pregnant for a period of from 12 to 16 
days. Active copnra lutea maintained in the ovaries of rabbits 
by repeated ovulation induced by intravenous injections o~ gonad-
stimulating hormone for periods of 32 to 35 days were not fol-
lowed by lactati011. The glands developed to the pseudo-pregnant 
condition and appeared to remain in that condition. Galactin 
initiated lactation in hysterectomized ra:bbits and in rabbits simul-
taneously injected with theelin. It was ineffective in maintaining 
the mammary g·lands in a continuous stage of secretory activity 
when the milk was not removed from the glands. Likewise, 
galactin was found to be ineffective in the reinitia:tion, of lactation 
in rabbits following a previous galactin-induced' lactation. Milk 
secretion was induced in normal female rats by subcutaneous 
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implants of fresh pituitaries from either male or female donors. 
Antuitrin-S, a: gonad stimulating hormone, also caused the growth 
of the mammary glands and initiated milk secretion. When the 
uterus was removed the course of development was the same, but 
when the ovaries were removed1 no growth or lactation resulted. 
In spayed' females the stimulus of theelin and corporin was neces-
sary before milk secretion was brought about by pttuita:ry im-
rlants. Similarly galactin was able to induce secretory activity· 
in eitber spa?ed or normal females only when injected with theelin 
and corporin. The injection of galactin in a sow 15 days following 
the weaning of pigs at parturition, caused the reinitiation of 
l.1ctation in six days. Even after 45 days of involution, lactation 
was brought back by the injection of galactin. In the cat, galactin 
was found effective in stimulating secretory activity in involuted 
mamma:ry glands and in male cats whose glands had been de-
veloped previously with the ovarian hormones, theelin and cor-
porin. 
The Sampling of Milk for Testing Purposes Where a Combine 
Milker is Used (H. A. Herman).-The combine milking system 
has introduced some nev.r problems in the sampling of milk for 
butterfat tests. Where samples were drawn directly from the 
milk holder it was not practical to include the strippings. Butter-
fat tests where samples were drawn from the milk holder on the 
combine, alter thorough agitation with air, were compared to the 
tests obtained when the milk from the same cow was drawn off 
into a different pail and sampled. These tests showed very clo·se 
agreement between the two methods of sampling. The amount 
vf strippings obtained from 100 individual cows was studidd. 
Both the milk and the strippings were weighed and tested for 
butterfat. Where there was no dela·y in milking after the cow 
entered the combine stall, the strippings were not much higher 
in fat content than the corresponding mille This was due to the 
fact that the strippings test relatively higher where a cow is 
allowed to stand quietly se'Veral hours before milking. These 
studies indicated that the practice of sampling milk directly from 
the milk holder, for testing purposes, where a combine milker 
was used, was reliable if the cows were milked shortly after enter-
ing the milking stall. 
An Index to the Quality of the Dairy Sire (C. W. Turner).-
'fhe average production of the daughters of a sire was a very satis-
factory index of his transmitting ability when bred to dams with 
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productive ability close to the breed average. For each increase 
of 100 pounds in the average fat yield on the part of the dams 
there was an average increase of not more than 20 pounds of fat 
yield on the part of the daughters. Therefore, a:n index of dairy 
sires' producing ability is proposed which uses the average pro-
duction of each breed as a base in the computation of the sire index. 
The index of the sire is computed as follows: Sire index: equals 
Daughter's Production minus .2 Dam's Production and minus the 
Hreed Average Production. (Breed average; Ayrshire 491lbs. fa:t, 
Holstein t385 lbs. fat, Guernsey 554 lbs. fat, and Jersey 560 lbs. fat). 
The Effect of Heat on the Colloida,l, Physical, and Chemical 
Changes Occurring in Milk (E. R. Garrison, Hans Jenny).-The 
electro-dialysis method has been further refined for use in de-
termining the rate of crution and anion removal from raw and 
heated milk. The temperature of the milbin' the cell had a very 
pronounced effect on the rate of dialysis. The milk was placed in 
the cell at ~0° C. and the temperature· held as nearly constant as 
possible. The time interval between runs also a:ffected the rate 
of dialysis. Diluting the milk with distilled' water increased the 
rate at which the cations were removed during the first 30 minutes 
but afterward the effect was not measurable. The rate of anion 
release was not noticeably affected by dilution. The· amount of 
cations removed during 5-minute intervals was not proportional 
to the dilution factor and electro-dialysis therefore would be of 
rio value in determining the amount of water added to milk. Aging 
milk at 35° F. for 96 hours had no effect on the rate of cation or 
anion removal by · electro-dialysis. Milk allowed to develop a 
sour taste (not c11rdled) at room temperature gave a greatelj 
release of both cations and anions when dialyzed than an unsoured 
sample. Souring affected the rate of release of the anions more 
than the cations. No difference was found in the rate of removal 
of cations and anions from Jersey and Holstein milk. This in-
dicated that the amounts of acids and bases remove/d. in a given 
unit of time were not associated closely with the salt concentra-
tion in the milk since Jersey milk normally has a higher sa:lt or 
mineral content than Holstein milk. No definite and consistent 
difference · was found in the amount of cations and anions re-
moved hy electro-dialysis in uniform time intervals from ·raw 
tnilk and' from milk held in boiling water for one hour. The 
buffer value of milk against acid was determined by the Van 
S1yke methO<l. Milk held in boiling water for one hour had a 
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lower buffer value than the unheated milk. The buffer value of 
milk against acid was usually greater in milk with a high natural 
acid than in milk of low acidity. It also denoted that suchj milk 
would not develop a sour taste nor coagulate as rapidly undeJ.i 
ordinary conditions as milk with a low natural acidity. 
Serving Temperature of Ice Cream (W. H. E. Reid).-A 
survey showed that 3 per cent of the ice cream manufacturers, 
drug store proprietors, and fountain operators used temperature 
as a guide in serving ice cream while 97 per cent depended' upon 
the "feel" of the ice cream. The actual serving temperatures of 
the different ice creams varied from 3.5 to 16 d1egrees Fahrenheit. 
As the ice creams were tempered upward to 16 degrees there was 
a marked improvement in the flavor and body l1eyond which tem-
perature the flavor became too pronounced and the body lacked 
desirable resistance. A temperature of 6 to R degrees Fahrenheit 
v:as satisfactory when serving different kinds of sherbets although 
the flavors were somewhat submerged. 
The Crystalline Structure of Different Ice Creams ('W. H. E. 
Reid) .-Ice creams varying in composition and containing different 
kinds of flavoring materials were studied with macrophotogra:phs. 
Photographs were made following the hardening of each ice cream. 
They were then heat shocked, rehardened, and again photographed. 
As butterfat content was increased from 8 to 15, ptr cent a: finer 
texture resulted. Additional increments of butterfat made the 
texture appear chalky. 'I'here was a direct relation between the 
increased increments of serum solids, varied from 8 to 15 per 
cent, and a fineness of texture. Increase in the sugar conte* 
from 8 to 14 per cent ga:ve a finer crystalline structure. The 
addition of cocoa, chocolate liquor, fruits, and nuts of various 
kinds gave a texture that was more open with a tendency toward 
coarseness that was directly proportionate to the increments of 
the flavoring product used. Heat shocking and rehardening of 
samples decidedly impaired the texture. Fusion of ice crystals 
1"esulted. 
A Microphotographic Study of Ice Cream (W. H. E. Reid, 
M. W. Hales).-Mixtures of ice creams varying in butterfat, serum 
!:'Olids, sugar, and gelatin were prepared in the usual manneT a:nd 
hardened in a still air at a temperature averaging 20 degrees be-
low zero Fahrenheit. Increments of butterfat, serum solids, sugar, 
and gela:tin increased the total freezing time in direct proportion 
to amount of each ingredient used. Microphotographs prepared 
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by the use of a modified microtome showed that when the com-
position of the mixture was altered the structure ·of the ice cream 
was decidedly modified as related to number, shape, and size of the 
ice crystals and air cells comprising the resultant ice cream. 
The Use of Dry Whole Milk in the Manufacture of Cottage 
Cheese (W. H. E. Reid).-There was a direct relationship between 
the acidity of the curd and whey at the time of cutting and the 
percentage yield and the physical properties of the finished cheese. 
The flavor, body, texture, and color of cottage cheese manufac-
tured from normal skim milk reinforced with dry whole milk were 
superior when compared with cottage cheese manufactured from 
normal skim milk or normal skim milk reinforced with dry skim 
milk. The flavor was rich and creamy, the body was exceptionally 
smooth and velvety, the texture was uniform and the color wa:s 
creamy, comparing very favorably with cottage cheese to which 
cream had heen added. 
The Effect of Dry Skim Milk in the Manufacture of Cream 
Cheese (W. H. E. Reid, H. R. Alley).-The most desirable quan-
tity of dry skim milk to use in the manufacture of cream cheese 
was found to be from 15 to 18 per cent when the butterfat content 
did not exceed 25 per cent. An excellent cream cheese resulted 
when using 20 per cent butterfat, 18 per cent dry skim milk and 3 
per cent starter. A desirable flavor can not be produced in cream 
cheese in which 20 per cent of dry skim milk has been used. When 
the fat content exceeded 25 per cent the cheese' became very re-
sistant in body, sticky, and gelatinous. Gelatin up to 0.4 per cent 
seemed most desirable. High percentages of gelatin gave a cur-
dled appearance to the cheese. As the homogenization pressure 
was increased from '2000 to 3000 pounds the texture of the cheese 
became closer and the body firmer. Macrophotographs a:nd micro-
photographs have: been prepared to shoi.v the influence of the dif-
ferent factors on the dispersion of the fat globules, body, and 
texture of the cream cheese. 
The Effect o£ Dry Skim Milk on Whipped Cream (W. H. E. 
Reid, W. C. Eckles).--The addition of dry skim milk to cream 
used for whipping purposes increased the viscosity and acidity but 
had little influence on the surfa·ce tension of the cream. When 
added to normal skim milk, dry skim milk increased' its foaming 
ability and viscosity and slightly reduced the surface tension. The 
air whipper was found to he the most satisfactory of the four 
different types of whippers used. The addition of 6 per cen't of 
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dry skim milk improved cream for whipping purpvses regardless 
of the type of whipper used. It imparted a more desirable flavor; 
gave a closer, more uniform, and smoother texture; increased the 
resistance of the body; reduced -the material that drained from the 
finished cream; imparted a more glossy and d·esirable appearance; 
and promoted a whip in some creams that otherwise: were unde-
sirable for whipping purposes. The intensity of the color, flavor, 
and fat clumping ·was largely due to the type of whipper used. 
Sugar a·dded to cream before aging improved the flavor of the 
finished >vhipped cream, reduced the overrun, improved the body, 
and reduced the amount of material drained from the whipped 
cream. 
The Relation of Chlorine to the Keeping Qualitie~ .of Cottage 
Cheese (W. H. E. Reid, W. E. Painteri .--The keeping qualities of 
uncreamed cottage cheese were improved 80 per cent by rinsing 
in a chlorine rinse water. There was no indication of deterioration 
of the flavor. Cottage cheese treated with chlorinated W'ater and, 
wbsequently creamed showe•1 deterioration on the 14th day as 
compared with t he control sample which began to d'eteriorate on 
the 7th day. 
Effect of Light on Cottage Cheese (W. H. E . Reid, R. L. 
Brock) .-Cheese held in the absence of light maintained its de-
sirable physical qualities for a period' of 20 days while the samples 
of cottage cheese exposed to artificial and direct sunlight deterio-
rated in direct proportion to the length of time exposed and 
intensity of the light. 
The Use of Calcium Cyanide in Ridding the Milkmg Barn of 
Flies (H. A. Herman, George D. Jones, the Depa:wnent 0•f Ento-
mology cooperating).-Calcium CyaniJe was used in the Uni-
versity Milking Ba:rn to eliminate flies. The barn is 112x3& feet 
in size and has a volume of about 48,000 cubic feet. · It was closed 
tightly and· the floors sprinkled with water. Calcium cyanide 
dust w'as sprayed into the air at the rate of :0 to 2/ 3 ounces per 
1000 cubic feet of space and killed approximately 95% of the flies. 
Poor results were obta•ined when the floors were very wet. The 
flies dropped: to the floor within 20 to 30 minutes after the dust 
'Nas sprayed into the air and were swept up and burned. The 
cse of this gas involves considerable risk and should be used with 
great precaution. The efficiency of liquid fly spray high in pyre-
thrum content also has been stud'ied. 
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The Productivity of Missouri Pastures (A. C. Ragsdale, C. vV. 
Mcintyre, J. R Da:wson).-\Vork has been started on this project 
at the Hatch Dairy Farm. The soil at the Hatch Farm is well 
supplied with exchangeable bases. It has a fairly high 'test for 
soluble phosphorus and has a r~ther low lime requirement. Ni-
trogen appeaTs to be the limiting element ·vvith an averagt value 
of about 2500 pounds per acre (7 inches). The soil should be 
(and apparently is) good bluegrass soil. A series of pasture plots 
with various fertilizer treatments have been prepared. Figure 10 
sho·ws the layout! of this exp~rimental field. 
Controlling C'a.ttle Grubs on Dairy Cows (H. A. Herman, 
George D. Jones, the Department of Entomology cooperating).-
The larvae of heel fly are commonly known to dairymen and 
cattlemen as "warbles", "wolves", or "grubs". Derris, a com-
pound extracted from the hark of a tree grown in India, has been 
found to be an effective insect poison .and has been suggested 
for treatment of grub infested cattle. The use -of a derris com-
vound containing 9.5 per cent derris and about 90 per cent inert 
or fatty base has been tested. Out of 80 animals studied it was 
found that 22 were infested with ox-warbles. The largest num-
ber of gruhs found in any single anima:! was 38. The animals 
were treated with derris compound late in February. An exami· 
nation one week later showed that most of the grubs were dead 
:.:nd being expelled. Since the young g-rubs continue to develop 
over a period of several months, application of the derris compound 
·was necessary every hvo or three ·weeks in order to kill newly 
appea:ring grubs. The treatment consisted of forcing the paste-
like derris compound into the opening in each swolleu place, which 
marked the location of a warble. A glass syringe, fitted with a: spe-
cial tip, was found to be helpful. Approximately 90 to 100 per 
cent of the treated warbles were killed. The dea:d warbles were 
expelled rapidly, the swelling disappeared and the exudation of 
pus from the pocket occupied by the warble soon stopped. No 
apparent increase in milk flow due to the elimination of the grubs 
was noted. on the ten cows of this group which were in milk. 
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ENTOMOLOGY 
L. HASEMAN, Chairman 
Codling Moth Investigation (Leonard Haseman, Paul H. 
Johnson, George Jones, Lee Jenkins, Herbert Koch, H. 0. Ezell). 
-This project has been carried on at Columbia, Marionville, and 
Mountain Grove. Similar work also has been started at St. 
Joseph. In addition, life history studies were conducted at 40 
different stations throughout the State. A knowledge of the actual 
dates when the moths of the different broods are on the wing 
makes it possible to time the spray applications more effectively. 
During the fall and winter larvae were collected and induced: to 
spin their cocoons on special cocooning sticks held in screen cages 
attached to apple trees until the moths emerged the· following 
summer. Breeding stations have been maintained in each apple 
growing center in the State. Records of moth emergence in each 
orchard center have been used for timing the sprays 'in that lo-
cality. Forty snch stations were maintained this year. The first 
moths emerged in Southeast Missouri on April 25. The peak. of 
emergence occurred between May 12 and 20. In Southwest Mis-
souri the first moths emerged May 6 and the peak occurred May 
15 to 22. In Central Missouri, along the Missouri River, the 
first moths emerged May 8 and a• definite peak occurred between 
May 16 and 25. Heavy bait trap catches continued u:n'til May 
30 or 31. At Columbia the first' moths emerged, Mayl 16 and the 
peak came between May 20 and 31. In North Missouri moths 
emerged May 18 and a peak occurred between May 22 and June 1. 
When 10% of the moths had emerged the first cover spray 
•vas applied. vVhen 40;;~ to 50% of the moths were out the second 
or pea:k first brood spray was applied. When the third cover 
spray was used, it was timed 15 to 21 days after the second, so 
as to control late first brood worms. 
To supplement the breeding cage records, bait traps and tree 
Lands have been used, especially after July 1. The bait trap 
records checked closely with the breeding cage records. Ferment-
ing malt, molasses, honey, and cider were used in pans or jars 
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placed in the tops of trees for attracting and trapping the moths. 
Bait traps were used at Marionville, Exeter, Neosho, Springfield, 
Belton, Columbia, Waverly, Independence, St. Joseph, Oregon, and 
Fortescue. 
Three test spray plats 'vere conducted at Marionville and 
five at Mountain Grove. They received varying dosages; of arse-
nate of lead and of arsenate of lead combined with oil as a spreader 
and sticker. All applications were timed by the records of moth 
emergence. Lack of heayy rains made it exceedin?;ly difficult to 
control the codling moth. Table 6 shows the results. secured at 
Marionville in 19a2 and Table 7 shmvs the results secured at 
M?untain Grove during the same year. 
TABLE 6.-CooLING MoTH CoNTROL AT MARIONVILLE I N 1932 
Number of Insecticide used %picked Plats cover sprays fruit wormy 
I a 6 1 lb. ars. lead to 50 gal. except 2 lb. to 50 in 
second cover spray. 29.4 
Ib 6 Same as Plat I except :K% Verdol added to 
second cover. 28.6 
-
II 6 2 lb. ars. lead to 50 gal. in ail cover sprays. 10.6 
TABLE 7.-CoDLING MoTH CoNTROL AT MouNTAIN GROVE I N 1932 
Plats Number of Insecticide used %fruit cover sprays wormy 
-
I 5 1 lb. ars. lead to 50 galJon 18.73 
II 5 1;1' lb. ars. lead to 50 galJon 8.05 
III 5 2 lb. ars. lead to 50 gallon 16 . 8 
IV 5 1 lb. ars. lead to 50 gal. plus ~% oil in first 2 
cover sprays 32.2 
-
v 5 1 lb. ars. lead to 50 gal. and ~% oil in second 
cover and 2% oil after July 1 48.2 
Two commercial brands of chemically treated bands and two 
types of home-treated bands were tested. Both 2-inch and 4-
inch band's were used. Beta Naphthol and oil alone were used 
to dip the commercial bands, while tallow and para:wax were 
added to the home mix. The 2-inch bands caugh't just as• many 
larvae as the 4-inch bands. The treated bands showed no marked 
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tendency to repel the larvae. As ma11y as 300 larvae were found 
in bands 40 inches in length. In Southwest Missouri the bands 
gave better than 997~ kill of worms entering the bands. At Co-
lumbia the percentag-e was approximately 92. The home treated 
bands containing tallow or bees·wax gave a:bout the same per-
centage of kill. The bands were placed on the trees in June and 
removed in December and burned. An average of 3 feet of band 
was required for each mature bearing apple tree. Where worm 
populations were unusually high, growers found it impossible to 
control them satisfactorily with sprays alone, even when properly 
timed and thoroughly applied. Orchard sanitation, the removal 
of wormy apples when thinning, the destruction of wormy wind-
falls, the mothproofing of packing houses, and the storing of u'sed 
equipment in the house during the spring flight period have 
]Jroved valuable aids. Pa:ris green and calcium arsenate with lime 
were {ottnd to be the most promising lead substi'tut~ but the re-
E>ults are not yet complete and definite recommendations cannot 
be made at this time. 
"Hessian-fly-resistant" Varieties of Wheat (L. Haseman, 
George D. Jones, Herbert Koch).-'.l'he work on this: project has 
been carried on a•t Columbia this year. Greenhouse and field 
experiments have been conducted. Tahle 8 shows the results of 
the greenhouse seeding-s. 
TABLE 8.-GREENHOUSE SEEDLINGS FOR RESISTANCE TO HESSIAN FLY 
Variety Date counts %stalks No. flaxseeds 
were mad(. infested to 100 stalks 
]{anred ____________ 11/16/32 17 33.3 Michi~an Wonder __ 11/16/32 14.6 30.2 Illini hieL _______ 11/16/32 12 22.3 
Poole---- -- ------- 11/16/32 11.3 13.3 Harvest Queen _____ 11/16/32 10.3 12.5 
Fulcaster _ -------- - 11/16/32 4.75 4.7 
Table 9 shows the result of seeding a:fter the fly-free date on 
the Experiment field at Columbia, Missouri. 
On a special seeding date test very slight infestation was 
found in seedings made October 6, 1932. There was no infesta-
tion in the seeding made October 13, 1932. 
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TABLE 9.-SEEDING OF VARIOUS VARIETIES AT VARIOUS DATES FOR 
HESSIAN FLY CoNTROL 
49 
Variety Seeding date %plants %tillers Flaxseed per infested infested 100 plants 
Kanred __ ----- __ 9/24/32 67 27 208 
Kanred __ ------- 9/30/32 40 20.8 112.5 
Kanred __ ------- 10/ 8/32 0 0 0 K an red ____ . ____ 10/15/32 0 0 0 
Michigan Wonder 9/24/32 38 . 2 12.5 88.23 
Michigan Wonder 9/30/32 62.8 31.4 208.57 
Michigan Wonder 10/ 8/32 0 0 0 
Michigan Wonder 10/15/32 0 0 0 
Illini Chief_ _____ 9/24/32 36 12 100 lllini Chief_ __ ___ 9/30/32 53.1s 27 . 8 143.75 Illini Chief_ _____ 10/ 8/32 1.2 .94 1.23 
Illini Chief_ _____ 10/15/32 0 0 0 Poole ___________ 9/24/32 76.0 32 .0 548.33 Poole ___________ 9/30/32 44 . 5 23.4 135.38 Poole _____ --- ___ 10/ 8/32 11.5 5.8 40.38 Poole ___________ 10/15/32 0 0 0 
Harvest Queen ___ 9/24/32 56.0 23.4 124 
Harvest Queen ___ 9/30/32 60 28 255.36 
Harvest Queen ___ 10/ 8/32 0 0 0 
Harvest Queen ___ 10/15/32 0 0 0 Fulcaster ________ 9/24/32 26 5 89.7 
Fulcaster ___ ---- _ 9/30/32 15 5.52 30 
Fulcaster ____ ---- 10/ 8/32 0 0 0 Fulcaster _______ . 10/15/32 0 0 0 
Av. all varieties __ 9/24/32 49 . 87 18.65 187 . 88 
Av. all varieties __ 9/30/32 45.9 22.82 147.76 
Av. all varieties __ 10/ 8/32 2.3 1.12 6.93 
Av. all varieties_. 10/15/32 0 0 0 
Strawberry Insects (Paul H. Johnson, L. Haseman).-The 
v .. 'ork on this project was conducted at Monett a·nd waSI confined 
largely to the control of buttoning of berries due to the tarnished 
plant bug. Test plats were sprayed with the following materials: 
(1) Potash vegetable oil soap, 1 pound: to 4 gallons of water. 
(2) Same as (1) with addition of 1 part nicotine sulpha•te to· 
1600 parts of water. 
(3) Pysol (commercial product). 
(4) Red ArrO\v plus soap (commercial product). 
(5) Penetrol plus nicotine. 
(6) Verdol 1% plt1s nicotine sulphate 1 to 1600. 
(7) 1 pound homemade lye soap (4 quarts water, 4 lbs. stale 
lard, 1 can or 1 lb. lye) to 5 to 8 gallons wa•ter \ 
All plats were sprayed 1\fay 6 and 7 and again May 13. In 
the second application Penetrol and nicotine in Plat 5 W'ere re-· 
placed hy potash vegetable .oil soap as in Plat 1. The adult 
tarnished plant bugs and nymphs were killed by the materials. 
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used in Plats 1, 2 and 4, but not by the materials used in 3 and 5. 
Readings taken on May J 9 showed the following results: 
Plat 1-35% fruits buttoned. 
Plat 2-25% fruits buttoned. 
Plat 3-50% fruits buttoned. 
Plat 4-18% fruits buttoned. 
Plat 5--·30% fruits buttoned. 
Plat 6-·299£. fruits buttoned. 
Plat 7--37% fruits buttoned. 
The homemade soap gave better results considering every-
thing, than the other materials, and its cost was considerably less. 
Insecticide Investigation (L. Haseman, Paul H. Johnson, 
George D. Jones).-An effort has been made to find a substitute 
for arsenate of lead for controlling codling moth. Calcium ar-
senate and also Paris green with the addition of lime and a 
spreader or sticker (summer oil or casein) seemed to give promis-
ing results. They may be used either in combination with light 
doses of lead arsenate or in heavier doses as substitutes for ar-
senate of lead. The danger of bnrning fruit and foliage seemed 
to be slight. However, the effectiveness against apple worms wa"' 
less than standard strength of arsenate of lead. 
Repellants for Blood-sucking Flies on Livestock (L. Hase-
man, Paul H. Johnson, George D. Jones).-Commercial fly repel-
lants are expensive and, at best, only temporarily effective. Ef-
forts have been made to prepare a satisfactory cheap homemade 
substitute. Crude carbolic acid or naphthalene combined with 
crude oil or discarded crank case oil make cheap repellants which 
livestock men can use to protect cattle from horn and stable flies. 
The Control of Ox Warbles (L. Haseman, Paul H. Johnson, 
George D. Jones).-A commercial product containing derris ex-
tract has been used in the control of ox warbles. It is worked 
into the punctures on the backs of cattle where the \<larbles lmve 
been found. Tests have been made in Jackson County, at Co-
lumbia, and in Southeast Missouri. Practically 100 per cent of 
the warbles treated were killed. Efforts are being made to pro-
duce a formula: for a cheaper homemade product containing derris 
extract. 
Insect Pests of Melon and Related Crops (L. Haseman).-
Arsenate of lead and calcium arsenate applied dry and undiluted 
to young seedling plants protected them from the striped cucumber 
beetle. Mixtures of arsenate of lead 1 part and hydrated lime 
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b parts; or calcium arsenate 1 part and gypsum 15 parts gave very 
satisfactory results. The young plants must be kept covered until 
vining is well under way. 
Nicotine as a spray, or nicotine dust, ga:ve the most satis-
factory results with the melon aphis. Commercial products con-
taining pyrethrum were effective but their cost was high. To be 
effective the crop must be carefully -..vatched and infested hills 
treated promptly. 
Insecticides have not proved satisfactory for the control of 
the squash bug. Sanitation during the fa:ll, winter, and spring 
to destroy the hibernating ad•ults ; t he use of early trap crops, in-
dueling a few hills of squash; hand destruction of the first adults 
appearing on the crop; and prompt destruction of egg clusters 
ha 1/e given effective control when thoroughly carried out. 
Methods of Controlling tbe Chinch Bug (L. Hasen:an, George 
D. Jones).-The methods used ha:ve been winter burning and the 
use of barriers between fields of Vl•heat and corn at harvest. A 
gasoline torch for touching up green clumps or poorly burned areas 
has been used to g~od advantage. Perfectly dry coveruge and a 
sl0w breeze gave the best results in burning. In case of high 
,,-ind, back firing wa:s necessary. Both chemical and dust bar-
riers have been used. In dry hot weather the dust barrier was 
the cheapest and most quickly available means of stopping a 
migration of bugs to corn. In case of rain, or where the soil will 
uot pulveri?.e, a chemical barrier vva:s necessary. A cheap grade 
of oil containing naphthalene, creosote, gas tar, gas drippings, or 
a homemade mixture consisting oE 50 gallons of crank case oil 
<!l1d 1 gallon of crude creosote or. 5 to 10 pounds of flaked naph-
thalene, was effective in holding back chinch bugs. A smooth 
strip of gTound a foot or two ·.vide ur a low ridge thrown t1p and 
firmed was provided. A narrow line of the oil was then run along 
the strip or on the cre~t of the ridge. The ridge was more effective 
but required more labor to prepare. Post holes every few feet 
along the line as traps, or 6-inch strips of flaked calcium cyanide 
placed each afternoon at right angles to the line of oil and on the 
side from which the bugs are moving p:oved effective in disposing 
of the bugs as they congregated along the line. One barrel of 
barrier oil o·r gas tar maintained from one-fourth to one-half mile 
of barrier when properly used. These barriers must be provided 
before the bugs have reached the first few rows of corn. In case 
the bugs ha•ve reached the corn place the barrier in the corn field 
beyond the bugs. 
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FIELD CROPS 
W. C. ETHERIDGE, Chairman 
Incr,easing the Productivity of Missouri Pastures (W. C. 
F.thericlge, E. Marion Bm,,vn, with the cooperation of the De-
partments of Agricultural Chemistry, Animal Husbandry, Dairy 
Husbandry, and Soils).-Three systems of grazing (continuous, 
rotation, rtnd deferre,l) have T)een under comparison at Sni-A-Bar 
Farms for two years. For pasture seasons beginning April 20, 
and ending October 5, increased gains in cattle have resulted from 
the rotation grazing sy::tem. In the deferred system of grazing, 
the use of a supplementary pasture of Korean lespedeza, pro-
duced as a catch crop after wheat, has greatly increased the gains 
from July J.i) to the end of the grazing season. In the midsummer. 
period of 6 to 7 weeks, beginning early in July, the acre gains in 
·weight of cattle on lespedeza have been four times the acre gains 
of cattle on bluegrass for the same period. _However, deferring 
the gra:zing from two to four weeks at the beginning of the season 
has tended to reduce the total gains in weight made by cattle on 
bluegrass. Therefore, the results secured during the first two 
years of this investigation suggest the use of the rotation system 
of grazing for permanent pasture, supplemented by a Korea:n les-
ped.eza ' pasture from July 15 to September 1, as an efficient 
1nethod of pa:sture management. 
When applied to an established pasture, nitrogenous ferti-
lizers have increased grass yields previous to, but not after, June 
1; have improved the palatability of bluegrass for cattle; and have 
greatly reduced the infestation by Aristida, a very troublesome 
grass found in many Missouri pastures. Superphosphate simi-
larly applied has not noticeably affected the pasture growth dur-
ing the first hvo years after its application. However, when 
worked into the soil ahead of a new seeding of pasture gra:sses, 
superphosphate has had a markedly beneficial effect on the estab-
lishment of the sown species. 
Cotton Production in Southeast Missouri (B. M. King) .--t 
The highest yielding varieties of cotton at Sikeston were as fol-
lows: 
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Variety )Lbs. lint per acre 
Stoneville No. 0 . .. ··------ ... . ·-- _ -····--···-···-·------------------- 598.6 
Stoneville No. 1 -···-···--· ·--- --··-··--··- --·····-- ·-·--····-······--·- 566.8 
Cleveland (Wilson) -······· ··· ···········-····· ··· ······-·---·········--·--· 558.9 
Delfos 531 ..... . ...... . ··--·--·······-··-· ··--·······-·············-····--·-·-· 528.3 
Trice .. ··-·-· ----·--· ·-·-··-----------·····-· ···-··········-···-· ······-··---·---·-- 465.1 
Rowden 40 appeared to he pa:rticularly well adapted to poor. 
sandy soils and rust and wilt infested soils. However, it was 
inferior to Stoneville on fertile , disease-free land. 
Improvement of the Soybean Plan1l (W. C. Etheridge, B. M. 
King) .-Fourteen varieties and strains of soybeans were tested 
at Columbia, Elsberry, and Sikeston. The acre yields of ha:y 
and seed of the five leading varieties at Columbia were as follows: 
Tons hay Bu. Seed 
Variety per acre per acre 
\Nilson 2.19 24.0 
Virginia 2.14 21.2 
Harbinsoy 2.36 22.7 
Morse 2.13 25.9 
54563-;3 2.34 28.6 
At Sikeston, Manchu and Laredo led in seed and hay yields 
respectively. Jlarhinsoy, Ulini, a:nd 54610-3 produced slightly 
· higher hay and seed yields at Elsberry than d'id Wilson and 
Virginia, but the quality of hay produced by these two varieties 
was superior in quality to that of the other three kinds. 
In 1929 forty-two crosses were made involving 23 parent 
varieties. The progeny of these crosses are now in the fourth 
generation. Approximately 175 individual plant selections were 
·made from the F 8 generation in Hl31. and compared in plant-to-row 
tests in 1932. Several of the strains showed a combination of 
very desirable features . 
Genetic Analysis of Maize (L. J. Stadler) .-The genetic na-
ture of the mutations induced by irradiation have been compared 
with spontaneous mutations. Although the induced mutations 
·were typical gene mutations in the sense that they showed normal 
inheritance and normal linkage relations; they may be due, not 
to changes in the gene, but to extra-genic alterations of various 
·kinds, probably in most cases short deficiencies. The chief con-
::Siderations pointing to this conclusion are as follows:. 
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(1) All of the induced gene mutations in pla:nt:::. were re-
cessive. 
(2) .Demonstrable deficiencies of reduced lethal effect were 
found and formed a graded series connecting the typical 
deficiencies with typical gene mutations. A deficiency of 
no lethal effect would be inherited as a mutation. 
(8) The frequency of induced deficiency and of other chro-
mosomal alterations was affected by dormancy in a man-
ner closely paralleling that of the frequency of induced 
mutation. 
(4) Of eight typical and representative genes of known mu-
tation frequency, only one has been found to be affected 
by irradiation. 
Breeding Early Wheat for Missouri (W. C. Etheridge, R. T. 
Kirkpa:trick).-The leading varieties of wheat among the 24 in-
cluded in the nursery yield test were the following: 
Variety Bushels per acre (1932) 
W 43 -·1VIichigan Wonder 209 .......................... 29.8 
W 859 -Poole ........................................................ 29.5 
W 2885-lllinois Winter Fife ................................ 28.6 
Vv 2890-Nabob ........................... ...... ....................... 27.7 
W 23 -Harvest Queen ................. ....................... 27.2 
W 2898-Fulcaster .................................................. 26.3 
The average yields, expressed in percentage of the yield of 
Michigan Wonder No. 8, of the leading varieties in the field tests 
conducted in eight different sections of Missouri, were the fol-
lowing: 
Varl;ety Average yield in % of W 31 
W 31 -Michigan Wonder No. 8 ................ 100.0 
W 84 -Fulcaster 8y ............................ .............. 103.9 
W 32 -Michigan Wonder No. 21 ................ 99.6 
W 43 -Michigan Wonder No. 209 ................ 98.2 
V.l 918 -Fulcaster ................................................ 97.0 
The yields of 30 early selections from the Harvest Queen 
variety varied from 8.3 to 26.2 bushels per acre, as compared with 
15.3 bushels for May and 20.5 bushels for Currell, our two earliest 
varieties. 
Among the 120 late selections from Harvest Queen the yields 
ranged from 6.7 to 23.1 bushels per acre as~ compared with a yield 
of 15.0 bushels for the Harvest Queen check. 
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The better of these early and late Harvest Queen selections 
haNe been saved for further testing. 
Six standard wheat varieties were each seeded at four dates 
ranging from September 28 to October 13 in order to determine 
the effect of delayed dates of seeding to avoid damage by Hessian 
tiy. The average yields for the six varieties and the percenta-ge 
infestation by Hessian fly were as follows: 
TABLE 10.-!NFESTATION ON SIX VARIETIES OF WHEAT 
Date Yields in bu. Percentage .of No. flaxseed per acre straws infested in 100 straws 
Sept. 28 _____ 12.3 24.5 52.2 Sept. 30 _____ 15.2 34.3 84.8 
Oct. 7-------1 12.9 30.0 61.6 Oct. 13 ______ 7.7 20.8 45.5 
Breeding Fulghum and Columbia Oats for Immunity or Re-
sistance to Loose Smut and to Covered Smut (R. T. Kirkpatrick). 
--Fifty-seven selections from crosses between Fulghum and a 
smut resistant variety, Richland, Vl'ere grown in a: preliminary 
yield test in 19:32. The yields ranged from 21.6 to 66.7 bushels 
per acre ns compared "vith the following check yields: Fulghum, 
41.6; Columbia, M!..9; ancl Brunker, 45.G bushels. The estimated 
percentage of smutted plants ranged in these st>lectionsl from 
none to nine per cent, as compared with two per cent in the 
Fulghum. Only the 27 strains combining high yielding ability 
and distinct smut resistance, as indicated by this preliminary test, 
were continued in a yield test in 19a3 in comparison with 70 
strains from crosses between the follo,ving varieties: Fulghum, 
Burt, Kherson and Silvermine. 
Crosses between Columbia· and the practically smut immune 
variety Navarro were made and backcrossed to Columbia so as to 
increase the percentage of Columbia germ plasm in the resulting 
segregates. These were then inoculated with smut spores col-
lected from Columbia oats. Several segregates, showing prac-
tically all the morphological characteristics of Columbia, displayed 
distinct smut resistance. 'I'hese were re-inoculated for use the 
following year. 
Arnong the 41. varieties and strains of oats in the nursery 
yield test some of the highest yielding were the following: 
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Variety 
0 13715-Columbia: 
0 3430-Fulghum 
0 3696--Fulghum 
0 3468-Richland 
0 3436--Fulghum 
0 3458-Fulghum 
Bushels per acre {1932) 
......... ____ ____ ___ ., ___ ___ .. , ... ... ... ......... ...... ..... .. 48.0 
46.2 
45 .8 
45.6 
45.4 
45.2 
Breeding Barley in Missouri for Feed (W. C. Etheridge, R. 
1'. Kirkpatrick).-The leading varieties of spring barley in the 
nursery tests were the following: 
Variety or Strain Bushels per acre {I932) 
B 214 ................ ..... ... ............... ............. ... ... ............... ..... 40.0 
B 213 ..... .. .......... ............. .. ... .. .. ........... ................. ......... 37.6 
B 178-Hodge ..... .. ....... ......... ... .. ......... .... .. ........ .. .... 33.9 
B 97-Hero .................................. ~. ..... ... .... ... ...... _ 33.6 
B 155-Limerick .. ................... .. ..... ... .. ... ....... .. .. .... ..... 31.l.2 
Both Hero and Limerick are smooth-awned varieties which 
show considerable promise under Missouri conditions. 
Eight strains of winter barley were grown ir: a: preliminary 
nursery test with yieldsi in 1932 ranging from 4. 7 to 26.8 bushels 
per acre. These together ·with five others have been grovm the 
present season (19~~3). 
Nine varieties of winter barley have been grown this season 
under -field conditions at Columbia, and at fou r other sections in 
South Missouri where they have been studied as to pasture pro-
duction, .as well as for yield of grain. 
Irradiation of Crop Plants (L. J. Stadler) .-Previous experi-
ments on this project have shown that the principal genetic 
changes induced by irradiation were (1) deficiencies, (2) trans-
locations, (~1) inversions, and (4) gene mutations. In addition , 
haploids occurred frequently as the result of irradiated pol-
len. Genes marking each of the ten chromosomes a1 e now known 
(the marker for the tenth chromosome having been identified in 
this project during the past season) and complementary stocks 
have been built up providing in their hybrid' one or more het-
erozygous marker genes on each chromosome. When two such 
stocks were crossed, after one or both have been irradiated, the 
various genetic aberrations induced may be recognized by ex-
ternally visible. characters. 
An effec;tive technique for _the examination of the chrot:nQ-
somes of maize in the early prophase of meiosis is described in 
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Rese~rch Bulletin 163. Using this method of examination. it is 
possible to examine minutely a modified chromosome from the 
treated parent, in close juxtaposition to the corresponding normal 
chromosome from the untreated parent. This comparison permits 
the identification of aberrant chromosomal conditions. 
An extensive series of heavily treated plants have been studied 
during the season of 1932 as a source of material for the detailed 
analysis of various types of induced genetic modification. From 
this study it seems that induced mutations in maize were much 
less frequent than the gross chromosomal disturbances. There 
were many variations of types intermediate between the typical 
deficiency or translocation ~nd the typical gene mutation. 
Induced mutations of specific loci have been secured' for de-
tailed comparison with natural mutations of these genes secured 
in the project "A Genetic Analysis of Maize". Induced muta-
tions appeared to differ significantly from the natural mutations. 
Corn Breeding (L. J. St~dler, W. C. Etheridge, R. T. Kirk-
patrick).-Yield tests of douhle cross hybrids in comparison with 
the best adapted strains of open-pollinated varieties were con-
tinued at Columbia (central Missouri), Maryville (Northwest 
Missouri), Grain Valley (West Central Missouri), and Sikeston 
(Southeast Missouri). As in previous years several "commercia:! 
hybrids", offered for sale in Missouri and surround'ing States, 
were included in the yield tests. About 100 varieties andi hy-
brids were tested. The most significant results of these experi-
ments are summarized in Table 11. 
TABLE 11.-YIELD TEsTS OF DouBLE-CRoss HYBRIDS (CoRN) 
Grain Colum- Mary- Sikes-
Valley bia ville ton 
Jackson Boone Nod a- Scott Average 
County County way County 4 fields County 
Average of commercial varieties (18) 58.3 48.4 70.2 46.4 55.8 
Average of commercial hybrids (7) 51.2 39.6 65.1 45.6 50.4 
Average of Experiment Station hy-
. 64.4 55.3 74.0 48.2 60.5 brids (52)-------------------
Highest variety, C 1172 (Pride of 
64.3 58.1 82.0 54.1 64.6 Saline) _____________________ 
Highest commercial hybrid C 1148 
60.9 49.8 66.5 47.7 56.2 (Hi-Bred) _____________ - -----
Highest Experiment Station hybrid, 
75.3 66.8 77.3 48.6 67.0 30-1006 (Ht-B12aXR14a-G) ___ 
Check-Mathen Reid Yellow Dent 60.1 51.8 77.1 42.5 57.9 y 
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The advantage of the hybrids over commercial varieties was 
lower in 1932 tha:n in any previous season. Nevertheless the 
better Experiment Station hybrids consistently out-yielded the 
varieties most extensively grown in the State. The average in-
·crease for the four-year period has been 31 per cent. During the 
past year it was only 16 per cent. The commercial hybrids that 
have been tested '\vere distinctly lower in yield than the Experi-
ment Station hybrids. In fact, they were consistently inferior to 
the best of the open pollinated commercial va:rieties. Some very 
promising new lines and hybrids have been developed and these 
promise to excel materially the best of the Experiment Station 
hybrids now in the yield tests. 
HOME ECONOMICS 
MABEL V. CA~iPilELL, Chairman 
The Roasting of Beef, Lamb, and Pork (Jesse Alice Cline, 
Alma: C. Swenson) .-Cooking by braising was compared with 
roasting for the less tender cuts of beef animals. Braising con-
sisted of cooking in moist heat (using a covered pan). Tl:.1e 
roa:sting consisted of cooking in dry heat (using dll uncovered; 
pan in the oven). Cuts cooked in the covered pan had greater 
total cooking losses and greater losses from drippings than from 
·evaporation. It required less total cooking time. The meat was 
less tender and less juicy. There wa·s a greater and more rapid: 
rise in internal temperature after removal from the oven. The 
drippings contained more moisture, ash, and protein and less fat. 
The number of cubic feet of gas with either method was directly 
proportional to the cooking time and the oven tetnperature. A 
true roasting method, dry heat, using low oven temperature, a:nd 
cooking to medium doneness was best for the less tender cuts of 
ibeef. 
The searing method of roasting has been compared with the 
C"Onstant temperature method using beef rib roasts. pork loi111 
roasts, and leg of lamb roasts. Increasing the oven temperature 
-decreased the cook!ng time, increa:sed the cooking losses, increased: 
the fuel consumed. and increased the cost per serving of meat. 
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The grade of beef did not influence the total cooking losses, did 
HOt affect the palatability, changed the cooking time since the 
heat penetration was slower in higher grade roasts. Choice grade 
roasts decrea;sed less in width than medium grade cooked by the 
same method. Beef rib roasts cooked by the standard method 
required more fuel than those cooked by the constant temperature 
methods used, except those of 225° and' 250° Centigrade \the 
highest constant temperatures used'). The standard method pro-
duced roasts, in general, more attractive in color tJharrt those 
cooked by constant temperature methods. 
The leg of lamb roasts cooked by the standard method re-
quired more time per pound to cook, had similar or greater cooking 
losses, and required more fuel than those cooked by the constant, 
oven temperatures oi 150°, 165°, and 175° Centigra:de. 
Pork loin roasts cooked by the standard method required 
less time per pound to cook, had greater cooking losses, and re-
quired less fuel than those cooked by the constant oven tempera-
ture methods of 150°, 16& 0 , and 175° Centigrade. Leg of lamb. 
and pork loin roasts cooked by the standard methods were similar 
in outside appearance and palatability to those cooked by the 
constant oven temperature metho·cls. Constant oven temperatures 
of .150c to 175° Centigrade ·w.ere the most economical methods of 
roasting beef. 
The Relationship Between the pH Values of the Contents of 
the Intestinal Tract and the Deposition of Calcium in the Bones of 
Rats (Bertha Bisbey, Sylvia Cover).--Disturbances in the calcium 
and phosphorus content of blood and the failure of bones to calcify 
in a normal manner are the most widely r.ecognized changes oc-
curring in rickets. Entire litters of ra<ts were divided into two 
groups: (1) negative cot:t.trols, which received the Sherman-Stie-
beling diet alone; (2) positive controls, which received in ad-
dition viost~rol or irradiation with ultra violet as a s.ource of 
vitamin. D. pH values of the intestinal contents were determined 
and the percentages of ash and calcium in the fe!flur bones also 
were determined. The bone a;nalyses of 54 negative and 62 posi-
tive controls showed that there was a highly significant increase 
in calcification resulting from the addition of an adequate amount 
of vitamin D to the basal diet. The pH va)ttes of the contents of 
both the upper and lower sections of the small intestine were 
slightly lower for the positive than for the negative controls. 
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Howev.er, the irregularities were great and there was no definite 
pH zone which separated the negative from the positive controls. 
Rachitic changes, as evidenced by X-ray and histological ex am-
inations, were produced in the bones of rats on the Sherman-
Stiebeling; diet, although it contained a satisfactory ratio and level 
of calcium and phosphorus and was adequate for rats except for 
vitamin D . 'fhese changes did not occur when vitamin D was 
added to the basal diet. 
In another group of experiments sodium hydroxide or sodium 
carbonate 'Na·s added to the basal diet. The same tests were 
made. The X-ray examination and the ash and calcium dtter-
minations showel no significant differences between the negative 
controls and those which received sodium hydroxide. The results 
were more striking at the 6 per cent level of sodium carbonate. 
In this group the pH values of the upper p<l!rt of the small in-
testine were definitely increased above the values for the n egative 
controls and were accompanied by less evidence of rickets as shown 
by X-ray and histological examinations. Apparently there was 
no relationship between intestinal pH values and rachitic changes 
in the bones of rats, and that the anti-rachitic action of vitamin 
D cannot be explained on the basis of its effect in changing t he 
pH values of the intestinal t ract. Likewise, ther.e apparently w<l!s 
no direct relationship between the pH values of the intestinal 
contents and the percentage of ash in green femurs. Rachitic 
changes, as evidenced by X-ray and histological studies, were 
produced in the bones of rats on the Sherm<l!n-Stiebeling diet 
which contained a satisfactory ratio and level of calci2.1m and 
phosphorus and which was adequate for rat s ex cept for vitamin D. 
Vitamin D, therefore, has an important role in calcification and 
in the prevention of rickets which cannot be explained by its effect 
on intestinal pH. 
The Vitamin A and D Content of Light, Medium, and Dark 
Egg Yolks (Bertha Bisbey, Sylvia Cover, Virginia Appleby, Adelia Vv eis) .-(This project has been carried on in cooperation with the 
Department of. Poultry Husbandry). Young Albino ra:is ±'rom 
mothers of known nutritional history were ·weaned at 25 t o 28 
days of age. They were then feel a vitamin A-free diet until the 
reserve of vitamin A had been consumed. Eggs produced under a 
controlled diet so as to regulate the amount of color in the yolk 
were fed to these rats. Eggs with various degrees of color of 
yolk were used. It was found that the growth-promoting factor 
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of dark colored egg yolks was three times that of medium colored 
egg yolks, four times that of light co.Jored egg yolks, and equal 
to that of light colored egg yolks produced byi a ration containing 
cod liver oil. 
The Durability of Cotton Fabrics (A<~elb E:ppel Ginter, Su-
zanne Davidson, Thelma Pearson).-Using tensile strength as a 
w.~a-.~tre i·or determining the ~erviceability of fabric~' fairly re-
liable predictions can be made, providing these values were con-
sidered on the basis of the highest combination of the 01iginal 
strength values. No other one physical test or combination oi 
physical tests on unused fabrics indicated serviceability to the 
same extent, as tensile strength did. Fabrics treated as in those 
in this experiment may be depended upon to shrink lengthwise 
until they are worn out. A shrinkage of three per cent occurred 
after the first laun(lcring. This amounted to thrte-fifths of the 
total shrink'age. Body '"''ear was responsible for slightly more 
wear than \vas laundering. Fabrics of this type w~.:re considered 
worn out when their tensile strength values were reduced to 14 
to 20 pounds warpwise and 7 to 14 pounds fillingwise and when 
this amounted to a percentage decrease of hetwet:n 50 to· 60% 
warpwise and 60 to 70% fillingwise. 
HORTICULTURE 
T . J. TALBERT, Chairman 
Substitutes for Arsenical Sprays (T. J. Talbert, H. G. Swart-
wout, C. G. Vinson) .-Laboratory tests havel shown. barium fluo-
silicate and sodium aluminum fluoride to be as toxic as lead ar-
senate against codling moth if used at the same concentration by 
weight of material. Field tests, however, have failed to give ~s 
good results as the lead arsenate. 
Rotenone gave unfavorable results in the control of codling 
moth when the laboratory test.s were conducted, under conditions 
approaching those in the field. The rotenone was used in acetone 
precipitated in w2:ter and rotenone deposited on bentonite and 
calcium sulfate. \Vhen the treated fruit was exposed to the sun 
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the loss of rotenone was rapid. Field tests with derris powder 
in combination with pine oil, petroleum oil, fish oil, linseed oil,. 
Penetrol, gelatine, and agar failed to give satisfactory controL 
Combinations of rotenone and derris pmvder with soybean oil amd' 
lampblack, and with soybean oil and Venetian red reduced the· 
codling moth entries somewhat but failed to give adequate pro~ 
tection. Soybean oil alone has been used in the early part of the· 
season at 1%. t~ <y(,, and ~~·% concentration, actual oil, on J ona-
than without evidence of injury. The control of codling moth has 
increased with the increasing concentration and at 1% the control 
was close to lead arsenate. Zinc oxide 1% pounds to 3 pounds of 
calcium arsenate has completely prevented arsenical injury and 
has shown better control of codling moth than lead arsenate alone. 
Calcium arsenate, calcium arsenate with Paris green and calcium 
arsenate with London purple mixed with bordeaux have not been 
injurious. 
Derris powder with bentonite and calcium sulfate 1-10, 1-20,. 
and 1-30 as a dust has given as good control of cabbage worm 
under field tests as lead arsenate-lime 1-10. Severe injury resulted' 
from calcium arsenate alone, and from calcium arsenart:e with 
petroleum oil, fish oil, and soybean oil when used without lime. 
Hydrated lime in quantities twice that of calcium arsenate prac-· 
tically prevented arsenical injury. 
Walnut, Pecan, and Filbert Investigations (T. J. Talbert, A. 
E. Murneek).--For ease of cracking, largest percentage of kernet 
intact, quality of the kernel, and relative thinness of the shell, six 
of the principal named varieties of black walnut have been ranked' 
in the following order: Stabler, Ohio, Thomas, Tucker, Miller, and 
TenEyck. Native Missouri seedling pecans which appeared to be· 
as good or better than some of the named varieties of the northern 
pecan have been planted on the Station grounds. The American· 
species of filberts and hazelnuts showed greater hardiness and' 
were more fruitful than the European varieties under observation. 
Yellows-resistant Varieties and· Strains of Cabbage (H. G~ 
Swartwout).-Fifteen varieties and strains have been tested for 
resistance to cabbage yellows. Seeds were procured from com-
mercial houses and the plants started in the greenhouse for early 
maturity. Yellows-affected cabbages began to appear the last of 
April and in early June had affected from 50,% to 100% of the 
regular varieties. Varieties most resistant were: Wisconsin No~ 
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~. Wisconsin Hollander No. 8, Iacope, All Seasons, Wisconsin All 
Seasons, and Marion Market. 
Sweet Cherries in Missouri (T. J. 1'albert).-The limiting 
factor in the production of sweet cherries in Missouri appeared 
to be early blooming which subjected the flower parts• to injury 
by late spring freezes and frosts. Efforts have been made to 
secure later blooming varieties and methods· of prolonging growth 
and blooming in the spring have been tested. 
A Biochemical Study of the rn:ternal Mechanism of Photo-
periodism (A. E. Murneek).--Studi.es of nitrogen metabolism in 
the stems of soybean plants have been made. As the short-day 
plants approached the :flowering or reproductive stage in their 
development there was a rapid accumulation of nitrogen in the 
stems, especially in the nodes and internodes. All . determined 
forms of nitrogen were found (coaguable, proteose, basic, am-
monia, amide, humin, and amino) excepting nitrate nitrogen. The 
most conspicuous differences were evident in the relative con-
centrations of amide, humin, amino, and nitrate fractions. The 
very low percentages of nitrate nitrogen in the tips :of long-day 
plants was of particular interest. In the presence of sufficient 
quantities of labile carbohydrates, nitrates seemed to be used 
rapidly for the synthesis of proteins and these in turn for the 
development of vegetative organs. In reproductive plants, on the 
other hand, there was a rapid movement of nitrogen to the flowers 
and fruits and an accumulation of carbohydrates, particularly 
starch in the stems. The effects of a ten-dlay "switch-over" of 
short-day plants to long-da)'l exposure showed a greater influence 
on the chemical composition of the stem than an equal exposure of 
long-day plants to short-day. A ten-day "switch-over" period has 
a greater effect on alteration in concentration of nitrates and: am-
monia in the terminal portions of the stem than of other deter-
mined nitrogenous substanct;!S. The results showed that nitrate 
concentration in the upper half of the stem was much smaller, but 
the ammonia concentration greater, in long and "short-to-long" 
plants than in short and "long-to-short" plants. This indicated 
that long-day exposure nitrate ions were more easily reduced to 
ammonia with the consequent formation of organic nitrogen com-
pounds and increased vegetative growth. In addition to studies 
with nitrogen and enzymes, studies have been continued on the 
relative concentration of carotin, xanthophyll, and vitamin A dur-
ing certain stages of development of both short- and long-day 
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plants. The methods used to separate vitamin A have not been 
successful to date. Both carotin and xanthophyll were in higher 
concentration in short-clay than in long-clay plants. In coopera·-
tion \Yith the Department of Agricultural Chemistry vitamin A 
deficient white rats are being feel certain portions of these soy-
bean plants. 
The Relative Absorption of Nitrogen, Phosphorus and Po-
tassium by Apple Trees (A. E. Murneek).-Young apple trees 
have been grown in sand cultures and supplied with nutrient so-
lutions of the following order: N+P+K, P+K, and N+P. Chem-
ical analyses of leaves have been made for total nitrogen, phos-
phorus, and potassium. \Vhen potassium was absent from the 
culture medium, nitrogen was absorbed more but phosphorus less; 
\vhen phosphorus was lacking, again nitrogen was used more but 
potassium less; when nitrogen was lacking, phosphorus was util-
ized more and potassium less. 
Nutritional Investigations with Strawberries (A. E. Murneek, 
J. H. Long).-Fertiliz.ers on strawberries have always given vari-
able and inconsistent results. Organic and inorganic fertilizers 
on a new bed of strawberries were compared. Heavy applications 
of 800 to 1,000 pounds of dried blood, bone, or K 2S0.1 applied 
alone on June 1 decreased rnnner production and yields. The 
same heavy treatment on August 1 or September 1 increased 
runner production and doubled yields as compared with checks. 
Small a1)plications on June l. August 1, and September 1 had no 
effects on yields. Any combination of the materials, if applied 
August 1 or September 1, increased yields. Sirteen hundred 
pounds of '1-J 2-4 applied at one time or over several treatments 
decreased yields. Histological investigations were made of mother 
pla·nts grO\\'n in quartz sand. These plants were grown in various 
solutions-full nutrient, without N, without P, without K, until 
July 1, August 1, September 1, when the lacking element V\T~S 
snpplied in full nutrient solution. There was no difference in 
time of fruit bud differentiation; all occurring the first weeks of 
September. 
Convenient Methods for Determination o.£ Mineral Elements 
in Apple Tissue (A. E . Murneek, E. J. Gilclehaus).-Investigations 
of the mineral nutrition of frnit trees made it necessary to make 
a la:rge number of quantitative analytical determinations of po-
tassium, phosphorus, and nitrogen in the various tissues of the 
~tpple tree. The Griess method, based on the determination of 
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the nitrite pr,esent when potassium was precipitated as potassium 
~odium cobaltinitrite, was found to be the most sa:tisfactory method 
for determining potassium. For the phosphate phosphorus de-
termina:tion the usual ammonium molybdate colorimetric method 
was found the best, except tha:t 1, 2, 4-amino-naphthol-sulphonic 
acid was used as a reducing agent and was found to be moire 
accurate than the usual stannous chloride procedure. 
Nitrogen Application to Grapes (H. G. Swartwout).-Appli-
cations of complete nutrients and of sulfate of ammonia a·nd barn-
yard manure to grapes continued to fail to give much response as 
reflected in yield, quality of the crop, and weight of prunings. 
Factors Determining Hardiness and Methods of Increasing It 
(T. J. Talbert, C. G. Vinson, H. G. S\vartwout).-Applications of 
lamp black and resin emulsion in late winter produced no notice-
able effects on bud differentiation and development a~ · compared 
with normal growth on untreated trees. The end of the dormant 
period may be delayed by the application of resin emulsion to the 
tree, followed by a covering of the sprayed pa:rts with asbestos 
\vool. Buds protected by the emulsion-asbestos treatment were 
found to produce open flowers from three to six days later than 
the untreated buds. Rapid fluctuation of temperatures may be 
modified by asbestos covering, thus preventing sunscald. Tissues 
in narrow crotches seemed to be more susceptible to winter in-
jury than the tissues of wide crotches. 
The Virus Diseases of Plants (C. G. Vinson).-In previous 
reports a method of precipitating the virus from tobacco plants 
with safranin has been described. Lloyd's alkaloidal reagent re-
moved the safranin from an a:queous suspension of the safranin-
virus precipitate, leaving the virns in the supernatant liquid. The 
purified virus solutions thns obtained were fully as infectious as 
the juice of diseased plants from which they were prepared. 
Lloyd's reagent has proved more satisfactory for decomposing the 
safra:nin-virus precipitate than kaolin, infusorial earth, Fuller's 
earth, bentonite, or isarton. The addition of a finely divided 
inert material to form a fine !',uspension often increased the inef-
iectivity of a virns preparation. Therefore, in order to compare 
the relative infective powers of virus preparations these prepara-
tions should be comparable in amount and type of suspended 
material present. The greater the amount of virus in a juice 
f.:ample the greater vvas the amount of safranin required to bring 
about complete precipitation. Previous treatment of the juice 
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with Lloyd''s reagent did not appreciably reduce the total solids in 
the prepa·ration obtained by decomposing the safranin precipitate. 
Total solids in the solution obtained by decomposing the safranin- · 
virus precipitate with Lloyd's reagent represented about 3 to 4 
per cent of the total solids of the original juice. About half of 
this 3 to 4 per cent, however, was ash that was derived mainly 
from the Lloyd's reagent, 
Metaxenia in the Apple (A. E. Murneek, A. D. Hibbard).-
The immediate etfects of foreign pollen, or d'eveloping embryos, 
upon maternal tissue (the ·fruit) are known as meta.x-ema. Ef-
forts have ueen made to determine whether or not metaxenia 
occurs in the apple. If so, it may have a practical bearing in the 
selection of varieties for cross-pollination. Flowers on two In-
gram trees in good bearing were pollinated with \Vealthy and 
Ben Davis pollen. The amount of foliage on the branches se-
lected for this study was so adjusted as to leave 25 leaves per 
fruit. At harvest time the apples from each type of pollination 
\Vere weighed and the seeds counted and we!g-hed. The average 
mean weight of the fruits from Wealthy pollination was C.0.3 grams 
and from Ben Davis pollination 74.7 grams. Therefore, Ben Davis 
pollen V\TaS more effective than W eahhy pollen in increasing the 
size of Ingram apples. The average number of seeds per fruit 
and the ·weight of the embryos were also greater when Ben Davis 
pollen was used. Similar experiments under more controlled 
greenhouse cr•nditions with squash gave negative results. 
The Nature of Abscission of Immature Apples (A. E. Mur-
neek).-Practically all varieties exhibited four ways of shedding 
o.f fruit. These drops occurred at intervals of approximately 12 
to 14 days and appeared to be governed primarily by internal 
hereditary factors. The first drop was usually the largest and 
frequently overlapped with the second drop which followed in 
close succession. These two are commonly called the "first drop" 
of apples. They appeared in all varieties and under all conditions 
of pollination. The third and fourth waves of shedding of apples 
rnay be fairly pronounced or may be almost lacking. The fruits 
that fell during these drops ·were of considerable size. Some va-
rieties, notably Delicious and those of the Winesap group, showed 
a characteristic pronounced early abscission of flowers and fruits. 
while, Duchess, Wealthy, and others, have more conspicu-
ous later drops of immature apples. Under self-pollination the 
first wave of abscission was u;;ually ''ery heavy and the others 
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correspondingly light. Crosspollination augmented the second 
and third drops and also affected the fourth. The v~riety of 
pollen did not seem to have any chamcteristic influence on the 
shedding of apples. No relationship existed between the intensity 
of the last two drops and the final set of apples. A high yield of 
fruits may be produced though there were comparatively heavy 
late drops. Apple varieties that flower in the "off" year showed 
the same n~tural sequence of shedding as in the "on'" year. 
POULTRY HUSBANDRY 
H. L. KEMPSTER, ChairmC1!n 
Influence of Cod Liver Oil, Alfalfa Leaf Meal, and Yellow 
Corn Upon Production, Hatchability, and Quality of Eggs (H. L. 
Kempster, E. M. Funk). Cod liver oil in a ration deficient in Vitamin 
A for laying hens increased the egg' production ~%· When 10% al-
falfa leaf meal was added in place of an eqnal amount of bran to 'a ra-
tion containing 65% corn, there was an increase in egg production of 
6.7%. White Rock pullets were used for this investigation. The 
yolk color varied from an extremely pale yellow in pens fed a small 
amount of yellow corn to medium to golden yellow when fed yellow 
corn in larger amounts. The most highly pigmented yolks came from 
the pen fed alfalfa leaf meal. The degree of yellow color in the 
yolk was dependent entirely upon the amount of pigment in the feed. 
The Use of Artificial Lights to Stimulate Winter Egg Pro-
duction (E. M. Funk, H. L. Kempstet).-The use of all night 
lights with White Leghorn hens doubled egg production during the pe-
riod from October 9 to January 1. During the next two months the 
lighted pen averaged 52 eggs as compared to 37 for the unlighted pen. 
During the spring months the unlighted pen laid the greatest number 
of eggs so that for the period ending May 31 the unlighted, pen had 
laid 87 eggs as compared to 83 for the pen where lights were used. A 
30-watt light was used in a pen 12 by 14 feet in size. The use of all 
night lights did not increase annual egg production, but materially 
increased egg pwducion during the fall and early winter when 
higher egg prices prevail. There was no significant difference in 
the size of eggs laid. 
68 MissouRI AGRICULTURAL ExPERIMENT STATION 
The Relation of the Date of Sexual Maturity to Egg Pro-
duction (H. L. Kempster) .-White Leghorn pullets which started 
laying in September laid more eggs during the winter and spring pe-
riods than did those starting to lay in August or after November 1. 
The early layers did not experience the fall or early winter molt which 
is quite characteristic of Leghorn pullets which come into production 
before October. This was attributed to the system of management 
which was used. Grain, principally yellow corn, was hopper fed. Also 
a moist crumbly "fattening" mash consisting of yellow corn meal, mid-
dlings and dried milk (7-3-1) was feel daily. No explanation can be 
given for the failure of the "August" pullets to lay as heavily during 
the spring period. Rhode Island Reds which started laying before 
November 1 were superior as winter egg producers. Only 17% of 
the Reels started laying before November 1 as compared to 93% of the 
Leghorns. 
The Feed Purchasing Power of the Eggs Laid by a Hen (H. 
L. Kempster) .-An unusually favorable relationship between the farm 
prices of eggs and feed prevailed during 1932. The average price of a 
mixture of corn, oats, and wheat ( 5-3-3) was 58 cents as compared 
with 98 cents for 1931. The average price of eggs per dozen was 
10.8 cents as compared to 14.1 cents the previous year. Based on an 
assumed egg production of 122 eggs these eggs would purchase 196 
pounds of feed as compared to 191, 157, and 146 for the years 1921, 
1929, and 1932 respectively. The egg-feed ratio was 5.37. This was 
the lowest ratio that has prevailed from 1910 to 1932. 
The Effect of Cross-breeding Upon Hatch:~bility of Hens' Eggs (E. IvL 'Funk) .-Barred Rock pullets were mated with two Barred 
Rock cockerels. When the last regular settings were made from this 
flock, the two Barred Rock cockerels were replaced by two Rhode Is-
land Reel males. On April 21, 202 eggs from this cross bred mating 
were set. Replacing the Barred Rock males with Rhode Island Red 
males did not influence fertility. However, there was a sign~ficant 
increase in hatchability. This improvement in hatching was due to 
an increase in the viability of the embryo, particularly during the pe-
tliod following the eighteenth day of incubation. 
Relation of Shell Texture to Hatchability (E, M. Funk) .-All 
eggs in four different settings were candled for shell texture before in-
cubation. Those showing a pronounced mottled condition were clas-
sified as eggs with poor shell texture; those showing less mottling were 
considered as having good shell texture. Complete records of hatch-
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ing data have been kept. There was no relationship between the mot-
tled condition of an egg shell and its hatchability. 
The Effect of a Freezing Temperature Upon Hatchability 
{E. M. Funk) .-Eggs held in a household refrigerator at 32° F. from 
6 to 48 hours hatched as well as those held at a temperature of 45 ° to 
·60° F. in a basement. Eggs held 96 hours or longer at 32° F. de-
·creased in hatchability until none hatched after 168• hours. 
The Effect of Age of Egg Upon Hatchability (E. M. Funk).-
Eggs were held for two weeks in a basement where the temperature 
varied from 45° to 62° F. without decreasing their hatchability. Eggs 
held longer than two weeks decreased in hatchability. No chicks 
could be produced from eggs held over four weeks. Hatchability of 
fertile eggs and fertility both decreased with the age of the egg. 
The Effect of the Time (Hour) of Laying Upon the Hatch-
.ability of Eg-gs (E. M. Funk) .-Eggs laid in the afternoon hatched 
·slightly better than eggs laid in the morning. However, the difference 
was too small to be of practical importance. 
Age in Weeks 
0 
4 
8 
12 
16 
20 
TABLE 12.-GRowTH OF PuLLETS 
Weight in Grams 
-------;--
White Rocks 
41 
199 
555 
1015 
1297 
1476 
Rhode Island Reds White Leghorns 
42 38 
202 199 
535 523 
980 889 
1267 1098 
1509 1241 
The Rate of Growth of Rhode Island Red, White Rock, and 
"\Vhite Leghorn Pullets (H. L. Kempster, E. 1\L Funk).-Table 12. 
&bows the \veight of pullets at four-week intervals np to the !age of 
twenty weeks. The weights of these chicks at the age of 12 weeks were 
·significantly higher than those previously reported. The more rapid 
growth during the first 12 weeks was attributed to a change in the 
formula of the all mash starting ration used this year. It may be pos-
sible that the increased weight for the Leghorns at the age of 20 weeks 
was due to the selecting of large birds for breeding purposes. There 
was no difference between. the weights of chicks from pullets and chicks 
from hens. The date of hatch seemed to have some effect on the rate 
·of growth of Rhode Island Red pullets. A distinct trend was shown 
for the chicks hatched on each successive week to be slightly smaller 
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at the age of 20 weeks. However, pullets hatched March 25 weighed 
more at 20 weeks of age than those of the five preceding hatches. 
These pullets had been divided into two lots which provided more 
liberal roosting and ranging space. The handicaps of late hatching 
may in some measure be overcome by adopting this practice. 
Nutritional Requirements of Poultry (H. L. Kempster, E. M. 
Funk) .--There is a wide range in latitude in the proportions in which 
meat scrap and dried skim milk may be used in rations for chicks. 
Protein supplements consisting of 15?1,; dried skim milk; 10% dried 
skim milk, :i% meat and bone scrap: 5% dried skim milk, 10% meat 
and bone scrap; 15% dried skim milk and 10% meat and bone scrap; 
were fed to separate lots of chicks containing 50 Rhode Island Red 
chicks each. At the age of 8 weeks there were no significant differ-
ences between the differen~ rations. Slightly better growth was se-
cured in the case of rations containing milk and meat scrap in the pro-
portion 15-5 and 10-10. The ration containing 5% dried skim milk 
and 10% meat scrap produced the least satisfactory results. 
The Value of Sour Milk and Beef Scrap in Rations for Egg 
Production (H. L. Kempster) .-Dried skim milk in rations for egg 
production did not increase egg production as compared with meat 
scrap except where an equal quantity of dried skim milk was sub-
stituted for one-fourth of the meat scrap. Where one-half to all the 
meat scrap was replaced by an equal quantity of dried skim milk the 
egg production over a period of 36 weeks ranged from 5 to 22 eggs 
per hen less. White Rock pullets were used. The ration consisted 
of yellow corn as a scratch food, comprising approximately two-thirds 
of the ration, a mash mixture in which various amounts of dried skim 
milk and meat scrap were used was employed. The dry mash was 
kept before the birds in open hoppers and was fed in limited quantities 
daily as a moist crumbly mash. The birds were allowed the range of 
yards where some green succulent material was available. The pens in 
which half or more of the animal protein concentrates was in the form 
of dried skim milk consistently laid fewer eggs, especially during the 
fall and winter. This may have been due to the lower protein content 
of the mash. The use of dried skim milk · in rations for egg produc-
tion apparently was limited. 
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RURAL SOCIOLOGY 
E. L. MoRGAN, Chairman 
Rural Community Organization in Public Welfare (E. L. 
Morgan, Sara Feder Keyfitz) .-Four types of organization for public 
welfare have been studied: a county having a county superintendent 
of public welfare, as provided for by the Missouri statutes; a county 
having a chapter of the American Red Cross; two counties having pri-
vate 'social work agencies, working on a county-wide basis adjacent to 
a city; and a district comprising parts of two or more counties recog-
nized as a unit. The study included the form of organization and ad-
ministration, sources of funds, employed personnel, type and content 
of program of work, extent of cooperation with other agencies, and 
the number and type of individual or family; cases dealt, with during 
the year. 
Rural Community Trends (Henry J. Burt).-A second report 
on Rural Commun1ty Trends has been prepared for publication and is 
a continuation of Missouri Agricultural Experiment Station Bulletin 
161. The first report gave the results for the first year only. The sec-
ond report covers the developments of the second and third years. A 
part of this project was a restudy of the primary population groups of 
Boone County. The new neighborhood lines as determined from the 
farmers of the county ha·ve been mapped, showing the extent of both 
old and new neighborhoods and ind-icating the probable loss of some of 
· the original groupings. Through field trips a beginning has been made 
in checking the neighborhood and community boundaries. The eco-
nomic depression has produced a new set of conditions which is com-
plicating the problem of determining the existence of the neighbor-
hoods. 
Movements of Rural Population in Missouri (Henry J. Burt). 
-A study has been made of incorporated places in Missouri based on 
the census reports of 1890, 1900, 1910, 1920, and 1930. As this study 
has developed, the problems of methods have become prominent. Chief 
among these is the tracing of the change in classes of places over pe-
riods of time. A given classification will include different places at 
successive time intervals with the result that the unit of study changes 
during the course of observation. To overcome this a method of 
classifying incorporated places on the basis of rate of growth has been 
developed. The incorporated places have been grouped into sixteen 
patterns of growth. Maps have been prepared showing the places 
which deviated, by various intervals, from the United States rates of 
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growth. The materials thus :far studied have been prepared for pub-
lication. 
SOILS 
M. F. MILLER, Chairman 
The Fineness of Grinding Agricultural Limestone (W. A. Al·· 
brecht) .-Liming acid soils has two effects. It changes the soil reac-
tion and it adds calcium to the soil. The addition of calcium has prov-
ed to be more important than the change in degree of soil acidity. Fine-
ly ground limestone is more soluble and therefore secures beneficial 
effects more promptly than that which is more coarsely ground. Ap-
proximately 50 cooperative trials of drilling 300 pounds per acre of 
finely ground limestone with the clover seedings in 1932 have secured 
successful clover crops. Soil types included were Marshall, Knox, 
Lindley, Putnam, Lebanon, Oswego, Gerald, Cherokee, and Baxter. 
The finely ground limestone with its use in smaller amounts probably 
will replace much of the use of coarser material. Finely ground lime-
stone may be applied through the fertilizer section of the grain drill 
or it may be distributed through the grain section if it is equipped with 
an agitator. 
Soil Erosion Studies (M. F. Miller, H. H. Krusekopf, L . D. 
Baver) .-The results of 14 years' study on the erosion losses from 
the original installation of plots has been completed and published in 
Missouri Agricultural Research Bulletin 177. These plots were on a 
3.65% slope. Great variations were obtained in the amount of ero-
sion from the different systems of cropping and cultural treatments. 
There was an annual acre loss of 41 tons for land plowed four inches. 
deep and left in cultivated fallow while the continuous bluegrass sod 
lost only .34 tons. The presence of a corn crop on the fallowed land 
plot reduced the loss from 41 tons to approximately 20 tons. ~on­
tinuous wheat reduced it to about 10 tons, while a rotation of corn, 
wheat and clover reduced this amount to approximately three tons. 
During the six months corn growing season land in continuous corn lost 
4.7 times as much soil as land in corn following clover. The runoff 
from the continuous corn land was 2.5 times the amount from the corn 
land which was in rotation. The loss of nutrient elements from the 
land in continuous corn was about equal to the loss through the crop. 
The Accumulation of Organic Matter on Soils (M. F. Miller, 
W. A. Albrecht, H. Jenny).-Two plots from which all the surface 
soil had been removed have been allowed to " run wild" since .1927. 
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One plot has received a liberal application of ground limestone. To 
date the scattered weeds which have come in on these plots have not 
covered the ground. The limed plot has a somewhat different flora. 
Neither plot has changed appreciably in the content of organic matter 
during the six-year period. Another desurfaced plot is in a cropping 
sYstem of corn and wheat, followed with sweet clover turnedi under. 
It has the prospect of the most rapid recovery. 
During long periods of cropping, the soil nitrogen content de-
clined more rapidly during the earlier periods of cultivation than dur-
ing the later periods. After several decades it tended to reach a more 
or less stable level. A new series of plots has been installed to deter-
mine the influence of the more important cornbelt legumes on the 
nitrogen and carbon gain or loss when these crops were used as green 
manures. 
Crop Rotation and Fertilizer Experiments (M. F. Miller, H. H. 
Krusekopf) .-The beneficial effect of soil treatments that tended to 
keep soil in good tilth again was illustrated in · crop yields on Sanborn 
Field. The oat yield on Plot 38, limed and fertilized, was 56 bushels 
compared to 31 and 30 bushels for plots 35 and 39, :which have the 
same rotation but received no lime or fertilizer. Yields for wheat 
ranged from less than two to more than 28 bushels an acre. The in-
jury to grain crops caused by the use of sweet clover as a green manure 
has been observed. The addition of a fertilizer of a composition of 
0-16-16 increased the corn yield 43% on the sweet clover plot. This 
showed the value of potassium when soil was well supplied with nitro-
gen. 
Missouri Pastures Improvement (M. F. Miller, H. H. Kruse-
kopf, M. Brown, H. Jenny).-Pasture grasses more than any other 
crop are influenced by seasonal conditions and the data of any one 
year therefore can not be considered conclusive. The effect of un-
favorable weather may be carried over for one or even two years. The 
plots treated with sodium nitrate were grazed closest and most persist-
ently, confirming the results of the preceding year. Additional pas-
ture projects have been started at Green Ridge, Stone Hill, Cuba, 
Strafford, and Columbia. Preliminary trials have indicated that soils 
containing below 7 milliequivalents of exchangeable bases do not pro-
duce bluegrass. The growth of clover seemed to be stimulated more 
by· the addition of phosphorus than by calcium. The results of fer-
tilizer worked into the soil were much more satisfactory and rapid than 
if the material was applied as a: top dressing. · 
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Improving Heavy Clay Sub-soil (L. D. Baver).-Plowing un-
der of sweet clover on the Putnam silt loam at the Moberly Experiment 
Field caused such a large wheat crop that the second crop of clover 
.sown in the wheat has been a complete failure for two consecutive 
years. The corn crop of 1932 was therefore three years removed from 
sweet clover plowed under. The yield of corn was 45.6 bushels as 
.compared with 36.2 bushels on the check plot, the yield of soybeans 
4070 pounds of hay as compared with 2730 pounds of hay, the yield 
.of wheat 47.1 bushels as compared with 22.2 bushels. 
The Water Content of Soil Colloids as Related to Their Chem-
:ical Composition (L. D. BaYer, Glen M. Horner).-The conven-
tional definition of combined water as that amount driven off the col-
loid from 110° C. to ignition was questioned. Water loss and base 
·exchange curves of Putnam clay and bentonite as affected by tempera-
ture indicated that the .alumino-silicate responsible for these proper-
ties was not the same in the two colloids. When these colloids were 
beated past the point where evidence of crystal lattice water removal 
-was obtained the exchange properties were markedly decreased. 
Water Intake and Swelling of Soil Colloids (L. D. Baver, H. 
F. Winterkorn).-This project is :in cooperation with the Missouri 
.·State Highway Department. An apparatus to measure the liquid in-
take by soils and soil colloids has been devised and the intake of va-
rious liquids by different soil colloids has been studied. The liquid in-
take increased with the dielectric constant of the liquid. The water 
taken up by soil colloids consisted of capillary and swelling water. 
Since the i'ntake of such liquids .as benzine, tolulene, and carbon tetra-
-chloride, which have very low dielectric constants, was similar, it was 
assumed that these values represented the capillary liquid. The amount 
.of water which functions in the swelling process was taken as the dif-
ference between the total water intake minus the benzine intake. The 
swelling of the soi1 colloids was a function of the chemical composition 
·Of the colloid and the nature of the absorbed ion. Swelling increased 
with the Sio2 sesquioxide ratio of the colloid. The swelling of Putnam 
clay saturated with various cations took place according to the ionic 
series, Li) Na) Ca) Ba) H) K. The ratios of these swellings were: 
Li: Na: Ca: Ba: H: K= 1148:84D:188:168:164:100. 
The Use of Nitrate of Soda on Cornbelt Crops (M. F. Miller, 
R. L Lovvorn) .-Nitrate of soda applied heavily to a timothy meadow 
:secured the largest increaset in yield when applied at the time the tim-
othy was four inches high and again when it was in the blooming stage. 
_A total :increase of two tons of hay from an .application of 1200 pounds 
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of nitrate was secured. This increase was in spite of a very dry sea-
son. The largest increase in protein content of the hay was from a 
single nitrate application of 1200 pounds applied when the timothy 
was four inches high and harvested when in the booting stage. This 
increase (based on nitrogen times 6.25) was from 8.39% to 15.22% 
protein and with an increase in hay yield at the booting stage of from 
875 to 4385 pounds. 
Soil Porosity as an Index of Structure (L. D. Baver, C. M. 
Woodruff, J. F. Lutz) .-Soil structure was considered as the arrange-
ment of primary and secondary particles constituting the soil mass. 
Aggregation, permeability, and porosity are the only indices of struc-
ture. The pore space content of soils is made up of small capillary 
pores and large non-capillary pores. The former are responsible for 
the water-holding capacity of the soil; the latter for the air capacity. 
Permeability is usually dependent upon the content of non-capillary 
pores. Chernozem soils were found to have a relatively high non· 
capillary porosity. Laterites had a relatively low non-capillary poros-
ity. The low hydration of the numerous small pores of a laterite 
was probably responsible for its permeability to water. 
Physical and Chemical Properties of the Iredell and Davidson 
Soils Affecting Erosion (J.... D. Baver, C. M. Woodruff, J. F. Lutz). 
--A soil in good phYsical condition has aggregates larger than 0.10 
m.m. in diameter and rather porous. The density of the aggregates was 
an important factor in explaining the differences in these two soils. 
The Davidson had a larger and much more porous type of aggregate. 
These factors undoubtedly contributed to the non-erosive properties of 
the Davidson. 
The Aggregation of Soils (L. D. Baver, C. W. Y/oodruff, 
J. F. Lutz) .-Chernozem soils containing large amounts of organic 
matter were found to be highly aggregated. The percentage aggre-
gation of the small mechanical separates in the soil into large stable 
granules increased with the organic matter content, 75% of the clay 
particles being in the form of granules in Canadian chernozems, 50% 
in Nebraska chernozems and 25% in Texas chernozems. Laterites 
possessed a very high state of granulation, probably due to the iron 
and alumina present. 
Correlation Between Exchangeable Bases and Pasture V eg .. 
etation (Hans Jenny, E. R. Shade) .--The best Missouri blue-
grass soils contain 16-20 milliequivalents of exchangeable bases. 
Soils which permit only poor bluegrass or none have less than eight 
milliequivalents. A tentative scheme has been worked out permitting 
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the judging of bluegrass adaptability of soils by the determinatiQn of 
exchangeable bases. 
Interference of Base Exchange by Micro-organisms (Hans 
Jenny, E. R. Shade) .-Liming liberated important plant food potas-
sium but at the same time stimulated the growth of micro-organisms, 
which absorbed the liberated element and thus reduced its availability 
for plant growth. 
Availability of Absorbed Calcium (Hans Jenny, E. R. Shade) . 
-Plants encountered great difficulties in releasing adsorbed plant 
nutrients if hydrogen ions were present on the colloidal particles. In 
problems of soil acidity the decreased availability of plant food might 
be as important as the harmful effects of the hydrogen ion. 
Mechanism of Ionic Exchange in Colloidal Aluminum Sili-
cates (H. Jenny, E. R. Shade).-In natural soil colloids the ad-
sorbed ions were par-tially dehydrated. This suggested that the water 
content of the soil colloids was greater the sma11er the number and size 
of the adsorbed ions. 
Outlying Experiment Fields (M. F. Miller, H . H . Krusekopf) . 
-Ori the Elsberry field, representing the black clay soils of :the Mis-
si•ssippi bottom, no consistent or significant results have been obtained 
from the use of fertilizer. Sweet clover sown in wheat resulted in 
failure, even where the soil had been heavily limed. In the dry sea-
sons the clover died. In favorable seasons the small grain made such 
large growth that the clover was destroyed. The Green Ridge field 
represented the gray prairie land of western Missouri. The crops 
were largely destroyed by ravages of chinch bugs. The susceptibility 
of this shallow, claypan soil to dry weather was again demonstrated. 
The use o'f finely ground limestone gave fair stands of sweet clover. 
Applications of 300 pounds an acre proved almost as effective as 500 
or 600 pounds. However, in general, the stand and growth of clover 
with the fine lime were not equal to that of heavy liming. Soil as a 
source of inoculation was superior to artificial cultures. The Kidder 
field had the largest yields in the history of the field. On treated land 
corn averaged more than 50 bushels an acre. Alfalfa yielded more 
than five tons an acre. Liming was essential, but the application of two 
tons was as effective as four tons. On the Sikeston field nitrogen gave 
better results than other elements. 
The Effects ·of Different Soil Tre·atments, Long Continued, 
Upon Bacterial Activity in the Soil (\V. A. Albrecht).-Studies 
have been made on the .ammonification and nitrification rates of 
green manure in plots 25, 26, and 27 of Sanborn field . Of these three-
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year rotation plots, No. 25 has received 6 tons of manure annually 
since 1888; No. 26 had this same treatment for 25 years, followed by 
the equivalent of 3 tons manure for fifteen years, and then limestone 
and phosphatic fertilizers during four years ; No. 27 has had no treat-
ment during the 44 years. Field treatment of manure on plots 25 and 
26 made these soils produce nitrates from green manure more prompt-
ly, whether or not given limestone. Coupling limestone with the green 
manure had little inflttence on nitrate production on these manured 
plots. The unmanured soil, however, increased nitrates markedly 
when limed only, or when lime was applied with green manure. Un-
manured and unlimecl plots showed an increase of over lOq:fa. in ni-
trate accumulation when given limestone. The lime and green manure 
treatment increased by 10-25~L the nitrates in soil over green ma-
nure alone. All tests showed a low level of nitrification because of the 
lack of lime and organic matter. 
VETERINARY SCIENCE 
A. J. DuRANT, Chairman 
Blackhead in Turkeys (A. J. Durant, H. C. McDougle).-
Losses from the· cecal abligation operation for the control of black-
head in turkeys have been reduced to 10% of the turkeys abligated. 
These turkeys have reproduced in a normal way. The birds were 
abligated at two months of age and some of them were continued un-
der observation for over a year. Studies on immunity of turkeys to 
blackhead have been continued in ·an effort to determine if blood from 
a bird which had recovered from blackhead had any immune prop-
erties when it was inoculated or transfused into susceptible birds. The 
results indicated that either the inoculation gave the bird the disease, 
which was unlikely, or else the introduction of the foreign blood into 
their systems lowered their resistance so that they developed the dis-
ease in less than' half the time required for the control group. In 
any event, the blood from birds which had recovered from blackhead 
apparently had no properties of preventing susceptible birds from de-
veloping blackhead. However, birds that recover from blac-khead very 
seldom develop the disease a second time. 
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Leukosis (Leukemia) of Fowls (A. J. Durant, H. C. Mc-
Dougle) .-A transmissible form of Leukosis has been discovered un-
der natural conditions in a farm flock. It is hoped that definite prog-
ress in the study of this disease can now be made since the finding of 
this transmissible form of the disea$e. 
Pullorum Disease in Poultry (A. J. Durant, H. C. McDougle). 
-In routine blood testing for pullorum disease the question always 
has been raised as to the meaning of weak or iO-called granular reac-
tions. All birds that gave a doubtful or granular reaction in the State 
blood testing program were purchased in the fall of 1932. These 
birds were all located in one house and were tested every two weeks by 
the tube agglutination method. They also were trap-nested for egg 
production during the same period. At the end of the test all birds 
were slaughtered and autopsied. Of the 24 autopsied: two yielded 
cultures of Bacterium pullorum; four, a gram-negative rod; two, B. 
coli; six, pure cultures of a gram-positive st{J)phlococcus; and ten, no 
cultures. Apparently there was no relation between the blood reaction 
and egg production. Apparently, a granular reaction in most cases. 
was a non-specific reaction due to other organisms or to natural immune 
bodies. 
Vent Gleet in Fowls (A. J. Durant, H. C. McDougle).-
Further tests have been made with a three per cent chromic acid solu-
tion applied locally for vent gleet in chicken~. The solution was care-
fully sponged on the surface with a cotton applicator. The treatment 
was repeated every three days until the bird was either cured or died. 
Approximately 62~% were cured in from one to eight treatments .. 
Birds that showed no improvement after five treatments usually were· 
hopeless. 
Toxemia in Sheep (Cecil Elder, A. W. Uren).-Losses from 
toxemia in sheep run from 5 to 25 per cent of the affected flocks. Sev-
eral thousand sheep have died of this disease during the past winter 
in Missouri. From observance of the disease for several years it was. 
thought that the cause of the disease was probably connected with the 
ration. Therefore an effort was made to artificially reproduce this. 
disease by placing 10 sheep on a ration duplicating as closely as pos-· 
sible the average farm conditions where the disease had been identi-
fied. Seven other sheep were placed on a good ration as controls .. 
The ewes under investigation made poor gains and became extremely 
thin. However, symptoms as found in field cases were not produced. 
Blood studies have been made of the experimental animals and also-
of six field cases. Normals for sheep have been established and a 
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method for drawing and studying the blood has been perfected. Rec-
ommendations for preventive treatment which have been found by 
actual experience to give good results are as follows: Change the ani-
mals in the affected flocks to rations containing higher protein con-
tent, such as alfalfa or clover hay, supplement this with a good grain 
ration and a reasonable amount of exercise. By adopting these meth-
ods of feeding further cases have been prevented from developing in 
those flocks containing diseased animals. Attempts to treat the sick 
animals have failed in all cases. Affected animals that are able to 
lamb after taking sick usually recover. Otherwise, the mortality rate 
is high. Efforts to transmit the disease from sick sheep to healthy 
sheep by contact in small pens have been unsuccessful. Therefore the 
disease probably is not infectious. 
The Transmission of the Bang Abortion Infection of Swine 
to Cattle (Cecil Elder).-Seven negative gilts, four of which were 
drenched with Bn~cella suis and three left untreated as controls, were 
placed in a small pasture along with pregnant cows. The gilts and 
the cows used the same shelter. Periodic blood tests were made upon 
both. Virulency of the organisms for swine was proved both in the 
treated animals and the control gilts. The gilts were allowed to f<i.r-
row in the shed and the cows in the pasture with no attempt to clean or 
disinfect the premises. Since the first group of gilts farrowed, addi-
tional gilts and sows have been placed in the pasture and several have 
been drenched in order to keep up a more or less continuous elimina-
tion of Brucella suis organisms upon the ground and continuous ex-
posure for the cows. Although the cows have been in close contact 
with the infected hogs for sixteen month no abortions have occur-
red in the cattle. Apparently the swine organism was not very patho-
genic for cattle when the cattle were exposed by close contact. 
The Significance of Low Agglutination Reactions in Unbred 
Virgin Gilts (Cecil Elder).-The question often has been raised 
as to whether or not animals with low blood titres as shown by the 
agglutination test ate a source of real danger in a herd and as to 
whether ·or not low titre really indicates infection. By low titre is 
meant those animals reacting in dilutions of 1 to 25 and 1 to SO and 
not over 1 to 100 incomplete or weak. Blood samples were taken 
at one- and two-week intervals continuously throughout the gestation 
period and well after the pigs were weaned. The animals under in-
vestigation were protected from outside infection and the same titre 
animals kept together. At this time most of the gilts have farrowed. 
The blood titres of all animals have remained consistently low and all 
80 MissouRI AGRICULTURAL ExPERIMENT STATION 
culture tests have been negative. An indication is given that low titre 
gilts are not particularly dangerous in a herd. 
Significance o£ Low Agglutination Reactions in an Unbred 
Virgin Heifer (Cecil Elder).-A young unbred virgin heifer which 
gave a 1-100 reaction on May 18, 1932, was kept in a clean lot free 
from contact with other cows and was never bred. During this pe-
riod, she was bled every two weeks and her blood reactions studied. 
She remained consistently a 1-100 reactor until December 14, 1932, 
when she gave a 1-50 reaction. At this time, the testing department 
changed to a new antigen with a heavier density and this accounted 
for the lower titre. She was slaughtered on January 18, 1933 and 
carefully posted and showed no macroscopic lesions. The uterus, ud-
der, and supermammary lymph glands were cultured and guinea pigs 
were injected. The c11ltures, the guinea pigs, and the cultures from 
the guinea pigs were all negative for Brucella abortus. 
The Transmission o£ Abortion Infection in Cattle from Im-
mune Dams to Progeny (Cecil Elder, A. W. Uren, A. M. Me-
Capes) .-Three cows from immune dams vvere dosed with a virnlent 
culture of BrucellaJ abortz£s and two were left untreated as controls. 
The two control animals calved normally. It was impossible to isolate 
Brucella abortus from the membranes or the milk at the time they 
calved. Since that time they have shown some evidence of infection. 
They have been hard to settle with calf and may show further signs of 
infection. Both have shown marked rises in titre since calving. The 
progeny of positive cows have shown no immunity and were susceptible 
to infection when drenched with a virulent culture of Brucella abortus. 
Poisonous Effect of Feeding Sudan and Johnson Grasses 
(Cecil Elder, in cooperation with the Department of Field Crops and 
Agricultural Chemistry) .-It has been thought that possibly Sudan 
hybrids might be the poisonous principle rather than Sudan or Johnson 
grass. Three kinds of grasses, therefore, have been fed to rabbits-
Sudan, Sudan hybrid, and Johnson. No ill effects have been produced 
in any of the rabbits. However, this evidence may not be conclusive 
since certain climatic or atmospheric conditions may be necessary to 
produce hydrocyanic acid in the plants. 
BULLETIN 340 81 
SERVICE PROJECTS 
Seed Testing Laboratory (Clara Fuhr).-A total of 3081 sam-
ples of seeds and plants were tested. and examined by the Seed Labora-
tory during the year ending June 30, 1933. Of these 2888 were tested 
for Missouri farmers and seedsmen, 174 inspectors' samples were test-
ed for the Missouri State Board of Agriculture in connection with the 
enforcement of the Missouri Seed Law, and 19 Custom House sam-
ples were tested subject to the Federal Seed Importation Act. 
Tests were made for farmers and seeclsmen of other States 
as follows: Nebraska 51, Kansas 48, Iowa, 39, Oklahoma 20, Colorado 
11, Arkansas 7, South Dakota 7, Tennessee 4, Alabama 2, Wisconsin 1, 
Kentucky 1, Indiana 1, and Ohio 1. Total, 193. 
Number of tests made for pm·ity and germination 1508, germina-
tion only 979, identification 420, purity only 100, examination only 50, 
examination and germination 9, and identification and germination 1. 
Total 3067. 
Custom House samples not subject to Act, not tested, 14. 
Number of samples received: 
July 1, 1931 to June 30, 1932 .... .......... 3224 
July 1, 1932 to June 30, 1933 .............. 3081 
The Production and Distribution of Bacteria for Legumes (W. 
A. Albrecht, H. F. Rhoades) .-Sufficient cultures were distributed to 
treat 8,992 bushels of legume seed. The number of bushel units fur-
nished for the different legumes was as follows: Soybeans 3,910, svveet 
dover 1,228, alfalfa 932, red clovt:J" 1,293, cowpeas and Korean clover 
1,288, and miscellaneous 341. 
The Station has encouraged the use of the soil transfer method of 
inoculating legumes. It also has encouraged the use of standard com-
mercial cultures. 
Testing Soils for Their Lime Need (H. F. Rhoades) .-The 
number of samples tested totaled 350 as compared with 534 for the 
previous year. These samples also were tested for available phos-
phorus. Records are now available on approximately 11,000 samples 
of soil sent to the !Experiment Station from all parts of the State. 
More than half of the cultivated land of Missouri showed a substantial 
lime requirement in order to grow clover. Tests for fineness of grind-
ing have been made on 38 samples during the year. The financial sit-
uation of farmers has decreased materially their ability to use lime 
on their soils. 
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Distribution of Hog Chol~ra Serum (0. S. Cri:;;ler).--·During 
this fiscal period the University anti-hog-cholera serum laboratory fur-
nished to the swine raisers of Missouri directly, or through veterina-
rians, county agricultural agents and vocational agriculture teachers, 
1,389,875 c. c. of anti-hog cholera serum, which was distributed in 1197 
orders, going into 63 counties and St. Louis City. 
During this fiscal period hog cholera appeared to be more prev-
alent than in the past fiscal period. 
Agglutination Blood Testing for Bang's Abortion Disease for 
Cattle and Swine (A. M. McCapes) .-There have been 20,952 sam-
ples of blood tested for contagious abortion, 19.7% of which gave a 
positive reaction to the test indicating the disease. The blood testing 
program of the State continues to increase each year and considerable 
progress has been made in eradicating the disease from farm herds. 
Agglutination Blood Testing for Pullorum Disease in Chickens 
(A. J. Durant and H. C. McDougle) .-There were 78,279 blood sam-
ples tester! f01· putlorum disease, of which 6599 samples, or 8.34%, 
showed this infection to be present. The work has greatly increas-
ed over the past fiscal period and considerable progress has been made 
in eradicating the disease from farm flocks. The interest of poultry-
men in eradicating this disease is increasing and the demand for blood 
testing will be continued. 
Distribution of .Experimental Chicken-Pox Vaccine (A. J. Du-
rant and H. C. McDougle) .--During the Year 40,590 doses of chicken-
pox vaccine were distributed to 119 flock owners in the State. Reports 
from the use of the vaccine have shown that it is a. practical and ef-
ficient method of controlling chicken-pox, and is to be recommended 
where chicken-pox occurs on a farm the previous year, or where it 
appears likely to develop. In no case has the chicken-pox vaccine been: 
recommended where these conditions have not existed. 
Diagnostic Service on Diseases of Animals and Poultry (A. J. 
Durant, H. C. McDougle, 0. S. Crisler, A . W. Uren) .-During the 
year over 1,820 specimens of diseased animals and poultry were ex-
amined, representJing 1,036 individual cases. More than 81 counties 
of the State were represented in this diagnostic service. 
Seventy-two specimens were examined for rabies during the fiscal 
year. Twenty-five of the brain examinations were positive, or showed 
evidence that the animal was infected with rabies. Twenty-one of the 
positive cases were dogs' heads, three were from cats and one from a 
horse. 
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The Inspection of Commercial Fertilizers (F. B. Mumford , 
Director, L. D. Haigh, Chemist, E. W. Cowan).-The Agricultural 
Experiment Station is required under the Missouri Fertilizer Law to 
( 1) register all brands of fertilizers sold in the State, (2) provide 
license tags to manufacturers and others to be placed upon each pack-
age, (3) inspect stocks and obtain samples, ( 4) analyze the samples 
collected, ( 5) publish the results of inspection and analyses. Inspec-
tion trips were made during the shipping seasons in the fall of 1932 
and the spring of 1933. Visits were made to 66 towns and 250 sam-
ples were collected from 151 farmers and dealers. The results of the 
inspection and analyses for the calendar year 1932 are given in Bulle-
tin No. 321. If the amount of plant food guaranteed in all the fer-
tilizer sold in Missouri is regarded as 100, the analyses of the samples 
showed the amount actually furnished was 107.5. 
Official Testing of Dairy Cows (H. A. Herman) .-A total of 
. 1119 one-day tests and 490 two-day tests were conducted on a total of 
445 Advanced Registry and Register of Merit cows. The one-day Herd 
Improvement Registry showed an increase over last year; 1712 tests 
were conducted on a total of 188 cows in nine purebred herds. Re-
tests were conducted on 22 animals. Check tests were made on five 
herds. These tests were conducted for 20 breeders. The highest 
butterfat record to be completed by any cow during the testing year 
was that of the Jersey cow Meridale Oxford's Ver-I-Best 739645, 
owned by W. R. Maddox, Rensselaer, Missouri. In 365 days she 
produced 15,569 pounds of milk containing 898.3 pounds of butterfat. 
She was five years and nine months old at the beginning of her test-
ing period and was milked 853 times. In the Holstein breed, Fredmar 
Echo Triune Supreme 1377264, owned by the University of Missouri, 
Columbia, Missouri, broke two State records as a junior two-year-old. 
Tested in Class B (milked three times per day) she produced 17,739.7 
pounds of milk and 534.8 pounds of butterfat in 305 days; continuing 
her testing period she yielded 20,937.4 pounds of milk and 645.9 
pounds of butterfat in 365 days. Farmington Canary Johanna 113523, 
a Holstein cow, owned by State Hospital No.4, Farmington, Missouri, 
completed the highest A. R. S. 0. record for the year for her breed, 
yielding 19,329 pounds of milk and 765 pounds of butterfat in 365 
days. In the Herd Registry Improvement Test, State Hospital No. 4, 
Farmington, Missouri, established a national record leading all herds 
above 15 cows milked two· and three times (mixed classification C and 
B). This herd, consisting of 36 animals, averaged 14,427 pounds of 
milk testing 3.5%, and 509 pounds of butterfat for the year. 
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PUBLICATIONS 
A. A. ]EFFREY, Editor 
Forty-five publications were issued by the Missouri Agricultural 
Experiment Station during the year ending June 30, 1933. These in-
cluded twenty-nine research bulletins, fourteen bulletins, one circular, 
and one reprint. The total number of pages in the year's file is 1520 
and the number of copies issued 188,000. 
The demand for the Experiment Station publications has become so 
great that it was necessary during the year covered by this report to 
impose certain restrictions on their distribution. . Only one copy of 
any one publication and not more than five publications of different 
titles are sent to an individual. 
Even under these necessary restrictions the number of bulletins 
and circulars sent out during the year was very large, reaching a total 
of 96,472. These were distributed as follows: 49,232 to residents of 
Missouri, 38,787 to persons in other states, and 8,453 to libraries· and 
teachers in foreign countries. 
TABLE 13.-PuBLICATIONS IssuED BY THE ExPERIMENT STATION 
Serial 
No. Series, Title, Author and Number of Illustrations Pages Copies 
Research Bulletins 
171 Autumnal Migration of Nitrogen and Carbohydrates 
in the Apple Tree, A. E. Murneck, and ]. C. 
Logan, July, 1932; Figs. 16 .................................... 32 2,0{)0 172 The Missouri Farm Real Estate Situation for 1930, 
by C. H. Hammar and R. P. Callaway, August, 
1932; Figs. 11 ................................................................ 60 2,000 
173 The Composition of Soybean Plants at Various 
Growth Stages as Related to Their Rate of De-
composition and Use as Green Manure, by Lloyd 
M. Turk, September, 1932; Figs. 16 ........................ 40 2,000 174 The Effect of the Ovarian Hormones Theelin and 
Corporin Upon the Growth of the Mammary 
Gland of the Rabbit, by C. W. Turner and A. H . 
Frank, Sieptember, 1932; Figs. 26 ............................ 28 2,000 
175 Apple Pollination. An Evaluation of Methods and 
Pollenizers, by A. E. Murneek, October, 1932; 
Figs. 12 .............................................................................. 32 2,000 176 Growth and Development with Special Reference to 
Domestic Animals XXIV, -by Samuel Brody, 
September 1932; Figs. 28 ............................................ 60 2,000 
177 The Influence of Systems of Cropping and Methods 
of Culture on Slurface Runoff and Soil Erosion, 
by M. F . Miller and H. H. Krusekopf, November, 
1932; Figs. 9 .................................................................. 32 2,000 
Serial 
No. 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
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Table 13 (Continued).-Publications of the Experiment Station 
Series, Title, Author and Number of Illustrations 
The Effect of Ultra-Violet Rays on the Dermatitis 
Preventing Vitamin, by A. G. Hogan and L. R. 
Richardson, December, 1932; Figs. 3 ..................... . 
Growth and Development with Special Reference to 
Domestic Animals, XXV, by V. W. Phillips, U. 
S. Ashworth, and Samuel Brody, December, 1932; 
Figs. 12 .... ~ ..................................................................... . 
Growth and Development with Spe·cial Reference to 
Domestic Animals, XXVI, by Warren C. Hall 
and Samuel Brody, January, 1933; Figs. 4 .......... .. 
Sandiness in Nut Ice Creams, by W. H. E. Reid and 
M. E. Powell, February, 1933; Figs. 5 .................. .. 
The Nor mal Development of the Mammary Gland of 
the Male and Female Albino Mouse, C. W. Turner 
and E. T. Gomez, February, 1933; Figs. 43 .......... .. 
Some Results from Feeding Spray Chemicals to Al-
bino Rats, by T. J. Talbert and W. R. Tayloe, 
March, «! 933; Plates 2 .................................................. .. 
The Distribution of the Genus Phytophthora, by C. 
M. Tucker, March, 1933 ............................................... . 
The Freezing Properties, Stability, and Physical Qualities of Chocolate Ice Cream, by W. H. E . 
Reid and W .. E. Painter, March .. 1933; Plates 3 
The Effect of Management and Slex on !Carcasses of 
Yearling Cattle, by M. T. Foster and J. C. Miller, 
April, 1933; Plates 3 .................................................. .. 
The Relation of Dry Skim Milk to the. Physical and 
Chemical Properties of Cottage Cheese, by W. 
H. E. Reid and C. L. Fleshman .............................. .. 
The Population of Missouri. A General Survey of 
Its Sources, Changes, and Pre·sent Composition, 
by Henry J, Burt, May, 1933; Figs. 57 .................. .. 
Growth and Development with ·Special Reference to 
Domestic Animals. XXVII, by U. S. Ashworth 
and Samuel Brody, June, 1933; Figs. 11 .............. :. 
Growth and Development with Special Reference to 
Animals. XXVIII, by U. S. Ashworth and Sam-
uel Brody, June, 1933; Figs. 6 ................................... . 
Growth and Development with Special Reference to 
Domestic Animals. XXIX, by U. S. Ashworth 
and S'amuel Brody, June, 1933; Figs. 6 .................. .. 
Growth and Development with Special Reference to 
Domestic Animals. XXX, by Samuel Brody and 
A. C. Ragsdale, June, 1933; Figs. 11 ....................... . 
Growth and Development with Special Reference to 
Domestic Animals. XXXI, by S'amuel Brody and 
•Robert C. Procter, June, 1933; Figs. 13 .............. .. 
The Normal Development of the Mammary Gland 
of the Male and Female Guinea Pig, by C. W. 
Turner and E. T. Gomez, June, 1933; Plates 7 .... 
The Effects of Variations in the Amounts of Vi-
tamin B and Protein in the Ration, by A. G. 
Hogan and Robert W. Pilcher, June, 1933; 
Figs. 11 ............................................................................ .. 
The Function, Assay and Preparation of Galactin, a 
Lactation Stimulating Hormone of the Anterior 
Pituitary and An Investigation of the Factors 
Responsible for the Control of Normal Lacta-
tion, by W. U . Gardner and C. W. Turner, June, 
1933; Plates 7 .......................................... ..................... . 
Pages Copies 
20 2,000 
32 2,000 
32 2,000 
20 2,000 
44 2,000 
20 2,000 
80 2,000 
24 2,000 
20 2,000 
24 4,000 
140 2,000 
68 2,000 
20 2,000 
20 2,000 
28 2,000 
48 2,000 
32 2,000 
48 2,000 
64 2,000 
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Table 13 (Continued).-Publications o.f the Experiment Station 
Serial 
No. Series, Title Author, and Number of Illustrations 
197 Power, Labor and Machine Costs in Crop Produc-
tion, by Dwight D. Smith and M. M. Jones, 
June, 1933 ; Figs. 28 ------------------------------------ -----------·--------
198 The Nutritional Requirements of the Chicks, by A. 
G. Hogan and Robert V. Boucher, June, 1933; 
Figs. 4--------------------------------------------------------------------------------199 Rural Community Trends; Second Report, qy "Henry 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
309 
169 
J, Burt, June, 1933; Maps 11 -------------·------------------- -------
Total Pages and Copies, Research Bulletins ---- ------------
Bulletins 
The Durability of Fence Posts, by J. C. Wooley, July, 
1932; Figs. 4 -·--------------------------------------------------·---------------Some Production Costs with Growing Chicks, by H . 
L. Kempster and E. M. Funk, July, 1932; Figs. 3 
Yearling Heifers and Steers for Beef Production, by 
E. A. Trowbridge and H . IC. Moffett, July, 1932; 
Figs. 9 ·-----------··--------·-----------· ····------------------------ ---------------The Farm Tenant and His Renting Problem, :by 0. 
R. Johnson, July, 1932; Figs. 3 -----------------------·-------· 
Horses Grown on Limited Grain Rations, by E. A. 
Trowbridge and D. W. Chittenden, July, 1932 ; 
Figs. 4 ·----------------------·----····----··--------------·------------------···--Livestock Trucking in Missouri, by F. L. Thomsen 
and W. R. Fankhanel, September, 1932 ; Figs. 12 
Inspection and Analysis of Commercial Fertilizers; 
Spring, 1932; by F. B. Mumford and L . D. Haigh, 
0 cto b er, 1932 --------------------------------·--------------------------------· 
Factors Causing Cull Apples in Missouri, by G. C. 
Schowengcrdt and D. C. West, November, 1932; 
Figs. 9 ----·-··---·····-----·--·-------·--·--------·····-···-----------·--··--··---T he ~lorghum Worm in Missouri, by L. Haseman, 
January, 1933; Figs. 6 -----------, --------···-·---·----- ----------------
Registration, Labeling, Inspection, and Sale of Com-
mercial Fertilizers; 1932; by F. B. Mumford and 
L. D. Haigh, March, 1933 ··------------····-------------------------· 
Inoculation of Legumes, by w·. A. Albrecht, March, 
1933; Figs. 4 ·------------------------·-··------·-------- -----------·--·------
Proceedings of the First Missouri Conference on 
Land Utilization, by C. H~ Hammar and H. H. 
Krusekopf, April, 1933 ------·------···········------------·--·--------
Soil Fertility Losses Under Missouri Conditions, 
by Hans Jenny, May, 1933; Figs. 6 ---·--------------------·· 
Wheat as a Cattle Fee·d, by E. A. Trowbridge and 
H . C. Moffett, June, 1933; Figs. 5 ····----------·---··--------
Total pages and copies, Bulletins ----------------------------
Reprint Bulletins 
Dried Skim Milk for Fattening Poultry, by E. M. 
Funk, H. L. Kempster, and C. G. Bryan, (First 
edition April, 1932) ---·----·------··-·----------------------------·--------
Circulars 
The Codling Moth and Its Control, by Leonard 
Haseman, January, 1933; Figs. 2 ------------------··--------
Total pages and copies, Reprints and Circulars .... 
Total pages and copies, All Publications ----- ---------
IJage 
48 
24 
48 
1188 
8 
12 
24 
36 
20 
20 
8 
32 
8 
32 
8 
64 
12 
20 
304 
24 
4 
28 
1520 
Copies 
2,000 
2,000 
2,000 
60,000 
8,000 
10,000 
10,QPO 
10,ppo 
10,990 
5,000 
5,000 
2,000 
6,000 
4,SOO 
10,000 
2,500 
10,000 
10,000 
113,000 
5,000 
10,000 
15,000 
188,000 
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The Farm News Service.-The Missouri Farm News Service, 
printed clipsheet of the Experiment Station and Extension Service, 
was issued to all newspapers and farm journals in the State through-
out the year, as well as to all extens,ion agents and teachers of voca-
tional agriculture. The frequency of issue was reduced dur-
ing the year from weekly to bi-weekly, so that the total number of 
issues sent out during the year was thirty-seven. Each issue contains 
about 4,000 words. 
Special Press Service.-ln addition to the clipsheet issued to 
all newspapers, a special press service was supplied throughout the 
year to metropolitan dailies and to the statewide news agencies, the 
Associated Press and the United Press. 
Radio Manuscript Service.-A manuscript service to be read 
by the announcers of radio broadcasting stations was issued through-
out the year. This service was issued weekly during a part of the 
year, bi-weekly during the remainder, to the following radio stations: 
KFRU, Columbia; KMBC, Kansas City; KMOX, St. Louis; WMAQ, 
Chicago ; and KMA, Shenandoah. 
COOPERATION WITH OUTSIDE AGENCIES 
During the year the Agricultura:l Experiment Station has car-
ried on projects in cooperation with the following organizations: 
United States Department of Agriculture, Missouri Utilities 
Company, Sni-A-Bar Fa:rms, Monsanto Chemical Company, 
American Dry Milk Institute, The Herman Frasch Foundation, 
National Research Council, Chilean Nitrate Company, Page Milk 
Company, and the Drumm Institute. 
R8 MISSOURI AGRICULTURAL ExPERIMENT STATION 
CONTRIBUTIONS TO SCIENTIFIC JOURNALS AND 
PERIODICALS 
348. Durant, A. J., Parturient Paresis, or Milk Fever in Goats, Jour-
nal of the American Veterinary Medical Association, Sep-
tember, 1932. 
349. Jones, George D., Entomology in 4-H Club Work-At Camps, 
Journal of Economic Entomology, December, 1932'. 
350. Murneek, A. E., Relation of Leaf Area to Fruit Size and Food 
Reserves in Apple Seeds and Branches, American Society 
for Horticultural Science, December, 1932. 
351. Stadler, L. ]., On the Genetic Nature of Induced Mutations in 
Plants, Proceedings of the 6th International Institute of 
Genetics, October, 1932. 
352. Durant, A. ]., Abnormality in the Formation of the Ceca of a 
Turkey, the Journal of Veterinary Medicine, October, 1932. 
353. Albrecht, Wm. A., and Jones, M. M., Drilling Powdered Agri-
cultural Limestone with Grain and Fertilizer Drills, Journal 
of American Society of Agricultural :Engineers, October, 1932. 
354. Vinson, C. G., Mosaic Disease of Tobacco: V Decomposition of 
the Safranin-Virus Precipitate, Phytopathology, March, 1932. 
355. McClintock, Barbara, A Correlation of Ring-Shaped Chromo-
somes with Variegation in Zea Mays, Proceedings of National 
Academy of Science. November, 1932. 
356. Albrecht, \Vm. A., lncculation of Legumes as Related to So:J 
Acidity, Journal of American Society of Agronomy, Novem-
ber, 1932. 
357. Jenny, Hans, Uber die Bedeutung de im Boden adsorbierten 
Kationtn fur des Pflanzen'' achs~um, Zeitschr Pflanzernach-
rung, Duengung, Berlin, Germany, January, 1933. 
358. Baver, L. D. and Horner, Glen M., Water Content of Soil Col-
loids as Related to Their Chemical Composition, Soil Science, 
February, 1933. 
359. Durant, A. ]., Cutaneous Emphysema in Adult Male Turkeys, 
Journal of Veterinary Medicine, Match, 1933. 
360. Jenny, Hans and Shade, E. R., Contribution to the Potassium-
lime Problem in Soils, Journal ~merican Society of Agron-
omy, March, 1933. 
361. Haseman, Leonard, Further Observations on the Haydite Hive, 
Journal of Economic Entomology, March, 1933. 
362. Hammar, C. H., The Rural Tax Delinquency in Missouri,Jour-
nal of Land and Public Utility Economics, April, 1933. 
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CHANGES IN STATION STAFF FOR THE YEAR ENDING 
JUNE 30, 1933 
Appointments 
H. R. Alley, Research Assistant in Dairy Husbandry 
W. C. Eckles, Research Assistant in Dairy Husbandry 
Virginia Appleby, Research Assistant in Home Economics 
Dessa A. Dryer, Seed Analyst 
John E. Gieseking, Research Assistant in Soils 
Aubrey D. Hibbard, Research Assistant in Horticulture 
Quinton B. Kinder, Research Assistant in Poultry Husbandry 
Mary Loughead, Research Assistant in Home Economics 
Thelma H. Pearson, Research Assistant in Home Economics 
Alma Swenson, Research Assistant in Home Economics 
Clair E . Terrill, Research Assistant in Animal Husbandry 
L. Guy Brown, Asst. Prof. of Rural Sociology 
Withdrawals and Resignations 
Dessa A. Dryer, Seed Analyst 
R. W. Phillips, Research Ass'i stant in Animal Husbandry 
Ruth Foster, Research Assistant in Home Economics · 
W . U. Gardner, Research Fellow in Dairy Husbandry 
W. IE. Painter, Research Assistant in Dairy Husbandry. 
Mary Loughead, Research Assistant in Home Economics 
Virginia Appleby, Research Assistant in Home Economics 
Harold R. Alley, Research Assistant in Dairy Husbandry 
W. C. Eckles, Research Assistant in Dairy Husbandry 
Quinton B. Kinder, Research Assistant in Poultry Husbandry 
Thelma H . Pearson, Research Assistant in Home Economics 
Roy T. Kirkpatrick, Assistant Professor of Field Crops 
0. E . Hughes, Research Assistant in Agricultural Engineering 
90 MISSOURI AGRICULTURAL EXPERIMENT STATION 
NEW EQUIPMENT 
1 40-quart triple dasher direct expansion ice cream freezer (loan-
ed); 1 incubator (paraffin oven); 1 tread mill; 1 Tangen meter; 1 
Yandel-Henderson syringe gas analyzer; 1 photonic electric cell; 1 
thermometer 10°-50° C.; 10 gross micro slides; 1 fluorite oil immer-
sion objective 1/10 a; 1 pair periplan oculars; 24 micro slide boxes; 4 
platinum crucibles; 8 platinum cones; 1 Vitreosil combustion tube; 1 
battery brooder; insecticides and fungicides, rubber tubing and hose; 
1 Tycos Anemometer; 1 G. E. Pocket ammeter; 1 electriation appara-
tus ; 1 resistance; 2 vacuum tubes; 1 electro dialysis; 2 quartz Erie-
meyer flasks; 1 colorimeter; 1 Van Slyke blood gas apparatus; 1 
thermostat; 1 Freas Electric Oven; surgical instruments; syringes, 
and needles; glassware, chemicals and stains. 
Rat cages; 12 milk scales; 1 springless scale; 1 5-H.P. Wagner 
Motor; 1 Frigidaire cabinet; 1 special lawn mower; 500 sheep ear tags; 
1 small ear 1ahel punch; metal number plates and leather neck straps; 
cement floor-Retarded Growth Barn and long shed; bins for feed; 3 
fattening batteries; 1 hand sprayer; 1 hand duster; 400 stakes; field 
machinery; gas meters; thermometers, racks; pans and cooking uten-
sils; spraying accessories; spraying materials; SO planting boxes; 
clay pots. 
Stationery, record cards, and forms; 2 Marchant calculating ma-
chines; transfer files; 1 12-inch electric fan; 1 reading glass; 3 ·type-
writers. 
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FINANCIAL STATEMENT 
For the Fiscal Year Ending June 30, 1933 
Expenditures from Federal Funds 
Classification Hatch Adams Purnell Fund Fund Fund 
Personal Services _____________________ $12,145.14 $8,215.52 $35,448.31 Supplies and materials ________________ 1,590. 77 4,643.92 7,785.01 Communication service __________ -----_ 127.88 7.76 134.45 
Travel expenses---------------------- 227.49. 17.33 1,227.38 Transportation of things _______________ · 224.73 237.73 479.88 Publications _________________________ 110.09 3,864.16 Heat, light, water, and power_ _________ 44.83 101.54 128.87 Contingent expenses ______________ ---- 5.58 261.96 Equipment __________________________ 485.89 1,218.02 5,156.12 
Buildings and land-------------------- 37.60 558.18 5,513. 86 
TOTAL ___ -- ________________ ---_ $15,000.00 $15,000 .00 $60,000.00 
